espacenet — Bibliographic data 



Page 1 of 1 



Transmission in multi-channel communication system using selective 
channel power control 



Publication number: 
Publication date: 
Inventorfs): 

Applicant(s): 
Classification: 
- international: 



- European: 



Application number: 
Priority number(s): 



: AU2002259221 (A1) 
2002-11-25 

LING FUNYUN; KETCHUM JOHN W; WALTON JAY ROD; 
WALLACE MARK S; HOWARD STEVEN J + 
QUALCOMM INC + 

H04B7/005; HQ4B7/04; H04B7/06; H04B7/26; H04J1 1/00; 
H04J99/00; H04L1/00; H04L1/06; H04L25/03; H04L27/26; 
H04L5/06; H04B7/005; H04B7/04; H04B7/26; H04J11/00; 
H04J99/00; H04L1/00; H04L1/02; H04L25/03; H04L27/26; 

H04L5/02;(IPCl-7): H04B7/005; H04L27/26 
H04L1/00A1M; H04L1/00A5; H04L1/00A8; H04L1/00B7R1; 
H04L1/06; H04L25/03B9; H04L5/00C4A; H04L5/00C7A; 
H04L5/06; H04W52/24; H04W52/34N 
: AU20020259221 20020517 
US2001 0860274 2001 051 7; WO2002US1 5404 2002051 7 



Also published as: 

f§ WO02093779 (A2) 
■P WO02093779 (A3) 
"EUS20031 12880 (A1) 
|| US7072413 (B2) 
f§ US2003048856 (A1) 



Abstract not available for AU 2002259221 (A1) 
Abstract of corresponding document: WO 02093779 (A2) 
Techniques to process data for transmission over a 
set of transmission channels selected from among 
all available transmission channels. In an aspect, 
the data processing includes coding data basd on a 
common coding and modulation scheme to provide 
modulation symbols and pre-weighting the 
modulation symbols for each selected channel 
based on the channel's characteristics. The pre- 
weighting may be achieved by "inverting" the 
selected channels so that the received SNRs are 
approximately similar for all selected channels. With 
selective channel inversion, only channels having 
SNRs at or above a particular threshold are 
selected, "bad" channels are not used, and the total 
available transmit power is distributed across only 
"good" channels.; Inproved performance is achieved 
due to the combined benefits of using only the Ns 
best channels and matching the received SNR of 
each selected channel to the SNR required by the 
selected coding and modulation scheme. 



I - * 



f ' 

y. .2.., 



j .iSjijjS-aSKji: jSJ? i 



Data supplied from the espacenet database — Worldwide 



://v3.espacenet.com/publicationDetails/biblio?CC=AU&NR=2002259221Al &KC=A 1 .. . 1 0/5/20 10 



Application No AU 2002259221 A8 

(19) AUSTRALIAN PATENT OFFICE 



(54) 


Title 

Transmission in multi-channel communication system using selective channel power control 


(51)6 


International Patent Classif cation(s) 
H04B 007/005 H04L 027/26 




(21) 


Application No: 2002259221 


(22) Application Date: 2002.05.17 


(87) 


WIPO No: WOG2/093779 




(30) 
(31) 


Priority Data 

Number (32) Date 
09/860,274 2001 .05.17 


(33) Country 
US 

200510067 


(43) 
(43) 


Publication Date : 2002 .11 .25 
Publication Journal Date : 2003 .05.01 




(71) 


Applicant(s) 

QUALCOMM INCORPORATED 




(72) 


Irwentor(s) 

Ling, Funyun; Ketchum, John W.; 


Walton, Jay Rod; Wallace, Mark S.; Howard, Steven J. 



-1- 



Radio transmission apparatus and radio communication 
method 



Patent number: 
Publication date: 
Inventor(s): 
Applicant(s): 
Classification: 

- international: 

- european: 



CN 1489836 (A) 
2004-04-14 

KIMIHIKO ISHIKAWA [JP] + 

MATSUSHITA ELECTRIC IND CO LTD [JP] + 



H04B7/06; H04B7/12; H04B7/02; H04B7/04; (IPC1-7): H04B7/06 
H04B7/06C; H04B7/12 
Application number: CN200280041 61 20021 030 
Priority number(s): JP2001 0334392 2001 1031 



Abstract not available for CN 1489836 (A) 
Abstract of correspondent: EP 1363410 (A1) 

Translate this text 

There is provided a radio transmitting 
apparatus capable of improving spectrum 
efficiency and a transmission rate while 
maintaining communication quality. The 
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space multiplex where different information 
(transmission signal A NOTEQUAL 
transmission signal B) is transmitted from a 
plurality of antennas with the same 
frequency, frequency multiplex where 
different information (transmission signal A 
NOTEQUAL transmission signal B) is 
transmitted from the plurality of antennas 
with different frequencies, space diversity 
where the same information is transmitted 
from the plurality of antennas with the 
same frequency, and frequency diversity 
where the same information (transmission 
signal A = transmission signal B) is 
transmitted from the plurality of antennas 
with different frequencies according to 
circumstances of a propagation path. 
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(54) MCM system, with a plurality of data streams, each with its own transmission parameters 



(57) Data sequences (D1 through DL) correspond 
to L different parameter sets (effective symbol length, 
guard interval length, the number of carrier waves) and 
transformed into parallel data by respective serial/paral- 
lel converters (1 1 1 through 1 1 L), which are allocated to 
respective carrier waves for OFDM and subjected to 
inverse discrete Fourier transform by inverse discrete 
Fourier transformers (121 through 12L) to produce sam- 
pled values for the transmission waveform in the time 
domain. The sampled values are transformed into serial 
sequences of sampled values by parallel/serial convert- 
ers (131 through 13L) and then into a single temporal 



sampling sequence by a temporal sampling sequence 
switching unit (14). A frame synchronizing symbol is 
added to the temporal sampling sequence and then 
transformed into an analog base band OFDM signal 
before it is converted up to a transmission signal. The 
frequency bandwidth of the OFDM signal is made 
smaller than a predetermined value defined by the 
bandwidth of the available transmission channel. As a 
result, an OFDM signal that can be received well 
regardless of the mode of reception can be transmitted. 
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(54) Multicarrier modulation system, with variable symbol rates 

(57) An OFDM system uses a normal mode which 
has a symbol length T, a guard time T G and a set of N 
sub-carriers, which are orthogonal over the time T, and 
one or more fallback modes which have symbol lengths 
KT and guard times KT G where K is an integer greater 
than unity. The same set of N sub-carriers is used for 
the fallback modes as for the normal mode. Since the 
same set of sub-carriers is used, the overall bandwidth 
is substantially constant, so alias filtering does not need 
to be adaptive. The Fourier transform operations are the 
same as for the normal mode. Thus fallback modes are 
provided with little hardware cost. In the fallback modes 
the increased guard time provides better delay spread 
tolerance and the increased symbol length provides 
improved signal to noise performance, and thus 
increased range, at the cost of reduced data rate. 
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(54) Web-based enterprise management with multiple repository capability 



(57) A transport neutral technique allows an object 
manager (20) to communicate with a CIM repository 
(130) using any of a variety of protocols {158, 160). The 
object manager software (20) is independent of the 
transport mechanism used and need not be changed if 
the transport mechanism changes. A computer system 
(110) to be managed includes a CIM object manager 
(20) and any number of provider APIs (122) that provide 
resource information about the computer system. A CIM 
repository (130) stores classes and instances used by 
the object manager. A remote application computer 
(150) runs a software management application (32) that 
communicates with the object manager of the computer 
system using a local client API (156). A Repository API 
of the object manager includes an interface definition 
(300) defining all methods called by the object manager. 
Also included is a protocol-specific class that imple- 
ments the interface definition; there is a protocol-spe- 
cific class for each protocol desired to be supported. 
Each class implements methods using a specific proto- 
col. A factory class is executed when the object man- 
ager invokes a method call passing in a desired protocol 
parameter. The factory class creates a protocol-specific 
object of one of the protocol-specific classes depending 
on the protocol parameter. The object is returned to the 
object manager which executes one of its protocol-spe- 
cific methods thus allowing communication to a reposi- 
tory using a protocol independent of the object 
manager. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to 5 
managing the resources of a computer system. More 
specifically, the present invention relates to a technique 
for communicating database operations from a Com- 
mon Information Model (CIM) object manager to multi- 
ple remote CIM repositories. w 

BACKGROUND OF THE INVENTION 

[0002] Recently, computers and their associated 
peripheral equipment (a computer system) have 15 
become increasing more complex. As such, it has 
become progressively more and more complicated for a 
user or system administrator to manage the resources 
of such a computer system. With a variety of peripheral 
devices and software applications available for use, and 20 
their ever-changing nature, the job of a system adminis- 
trator has become more difficult. Computer system 
resources such as attached devices, network connec- 
tions, software applications, etc., must all be managed 
to ensure an efficiently working system for the user. 25 
Within a large corporation having large numbers of such 
computer systems spread around the world, the task of 
managing the resources of each computer system can 
be daunting. 

[0003] Recently, the industry has responded to 30 
such a need by introducing Web-Based Enterprises 
Management {WBEM) which is both an initiative and a 
technology. As an initiative, WBEM includes a standard 
for managing systems, networks, users, and applica- 
tions by using Internet technology. As a technology, 35 
WBEM provides a way for management applications to 
share management data independently of vendor, pro- 
tocol, operating system, or management standard. By 
developing management applications according to 
WBEM principles, vendors can develop products that 40 
work together easily at a lower cost of development. 
[0004] One known standard for implementation of 
WBEM is the Common Information Model (CIM). CIM is 
an approach to managing systems and networks. CIM 
provides a common conceptual framework to classify 45 
and define the parts of a network environment and 
depict how they integrate. The model captures notions 
that are applicable to all areas of management, inde- 
pendent of technology implementation. 
[0005] WBEM software includes tools and technol- so 
ogy that software developers can use to create CIM- 
compliant software applications that manage the envi- 
ronment of a computer system. Developers can also 
use this software to write "providers," programs that 
supply data and events for managed objects that are 55 
specific to their domain. 

[0006] There can be drawbacks, however, associ- 
ated with various implementations of WBEM software. 



For example, it may be necessary for the object man- 
ager of a computer system to be able to access different 
types of databases, whether local or remote. Not all 
implementations, however, are well-suited for this type 
of access. 

[0007] FIG. 1 illustrates a prior art computer system 
10 that has resources to be managed. Resources 
include disk usage, CPU utilization, running applica- 
tions, etc. Not shown for simplicity are hardware compo- 
nents of the computer system or other software 
applications. A CIM object manager 20 is responsible 
for handling all communication between management 
applications, a CIM repository 26 and managed objects. 
In this example, CIM repository 26 is a local drive that 
communicates via a local connection 28 to object man- 
ager 20. A provider application programming interface 
(API) 22 provides an interface to any needed system 
information 24 to be provided to object manager 20. 
Object manager 20 may also access CIM repository 26 
over local connection 28 to quickly retrieve data objects 
that have been previously stored. In this fashion, object 
manager 20 is well-suited for gathering resource infor- 
mation regarding computer system 10. 
[0008] In order to efficiently manage the resources 
of computer system 10, a software developer 30 writes 
management application software 32 for managing the 
resources of the computer system. When in operation, 
the results of management application 32 may be used 
by a system administrator 40 to manage the computer 
system. Client application 32 communicates via a Client 
API 34 to retrieve resource information from computer 
system 10. Client API 34 uses any suitable local or 
remote network connection 36 to access object man- 
ager 20. 

[0009] Prior art implementations of this sort use a 
single protocol for communication from object manager 
20 to CIM repository 26 over local connection 28. Such 
an implementation is inflexible in that the object man- 
ager commands to repository 26 are dependent upon a 
single protocol. In other words, the commands are not 
independent of the protocol; should the protocol be 
modified or if another protocol be used or desired, it will 
be necessary to rewrite portions of object manager 20 
which would be undesirable. 

[0010] In addition, having an object manager that is 
depended upon a particular protocol presents difficul- 
ties when repository 26 is remote from object manager 
20. In this scenario, it may be desirable to communicate 
over a network connection using any of a variety of pro- 
tocols instead of always being required to use a local 
protocol. In prior art computer system 10 portions of 
object manager 20 would have to be rewritten for each 
and every different protocol that is desired to be used. 
[0011] Therefore, a technique is desired that would 
permit an object manager to communicate both locally 
and remotely with any number of repositories using any 
of a variety of protocols. It is desired to implement this 
technique with the least impact upon developers of 
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object manager software. 
SUMMARY OF THE INVENTION 

[0012] To achieve the foregoing, and in accordance 5 
with the purpose of the present invention, a technique is 
disclosed that allows an object manager to communi- 
cate with any number of repositories using any of a vari- 
ety of local or remote protocols. Advantageously, the 
object manager becomes independent of protocol used w 
and need not be changed if the protocol changes. 
[0013] In one embodiment, a method is used for 
communication between a Common Information Model 
(CIM) object manager and a CIM repository. The 
method involves first creating a connection between the 15 
object manager the CIM repository. Next, a protocol 
indicator is passed from the object manager to a repos- 
itory API. The protocol indicator identifies a protocol by 
which the object manager desires to communicate with 
the CIM repository. A protocol-specific object is created 20 
having methods implemented using the protocol. 
Finally, the protocol-specific object is returned to the 
object manager, thus the object manager may commu- 
nicate with the CIM repository using the protocol 
desired. 25 
[0014] In another embodiment, a computer system 
interacts with a CIM repository on a separate computer. 
The computer system includes an object manager that 
has program code for interacting with the CIM reposi- 
tory and a protocol indicator. Also included is a reposi- 30 
tory application programming interface (repository API) 
that has a factory class arranged to receive the protocol 
indicator from the object manager and produce a proto- 
col-specific object. Also within the repository API is a 
first class having methods defined thereon implemented 35 
in a first protocol and a second class having methods 
defined thereon implemented in a second protocol. 
Thus, the protocol-specific object may be returned to 
the object manager for use in communicating with the 
CIM repository using a desired protocol. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention, together with further advan- 
tages thereof, may best be understood by reference to 45 
the following description taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 illustrates a prior art computer system that 
has managed resources. so 

FIGS. 2A and 2B illustrate a Web-Based Enterprise 
Management (WBEM) architecture suitable for 
implementing an embodiment of the invention. 

55 

FIGS. 3A and 3B illustrate an example graphical 
user interface for the CIM workshop of FIG. 2. 
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FIG. 4 illustrates an interface definition useful for 
implementing an embodiment of the invention. 

FIG. 5 illustrates an implementation definition for 
the interface of FIG. 4. 

FIG. 6 illustrates another implementation definition 
for the interface of FIG. 4. 

FIG. 7 is a JAVA factory class definition. 

FIG. 8 is a flowchart illustrating a store or retrieve 
repository method issued by an object manager to 
a CIM repository. 

FIGS. 9 and 10 illustrate a computer system suita- 
ble for implementing embodiments of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] FIGS. 2A and 2B illustrate a Web-Based 
Enterprise Management (WBEM) architecture suitable 
for implementing an embodiment of the invention. Archi- 
tecture 100 includes computer system 110 having 
resources to be managed, and application computer 
150 where management applications are developed 
and run. Computer system 110 may be any suitable 
computer having resources needing to be managed 
such as CPU load, disk space, installed applications, 
etc. The hardware layer includes workstation 112 and 
CPU 1 14. Workstation 1 12 may be any suitable compu- 
ter workstation such as the SPARC workstation from 
Sun Microsystems, Inc. CPU 114 may be any suitable 
processor such as an Intel processor. The software 
layer of computer system 110 includes operating sys- 
tem 1 16 (other software applications not shown for sim- 
plicity) which may be any suitable operating system 
such as the Solaris operating system from Sun Micro- 
systems, Inc. 

[0017] The object provider layer of computer sys- 
tem 110 includes operating system provider 118, oper- 
ating system services 120 and provider application 
programming interface (API) 122. The provider layer 
communicates with operating system 116 via interface 
117, for example, by using a JAVA Native Interface 
(JNI). Object providers act as intermediaries between 
CIM object manager 20 and one or more managed 
devices. When object manager 20 receives a request 
from a management application 32 for data that is not 
available in CIM repository 130 it forwards the request 
to a provider. Object providers are installed on the same 
machine as object manager 20. Object manager 20 
then uses provider API 122 to communicate with locally 
installed providers. Providers are classes that perform 
various functions in response to a request from object 
manager 20. For example, providers map information 
from a managed device to a CIM JAVA class and map 
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information from a CIM JAVA class to a managed device 
format. 

[0018] Provider API 122 is an API used by various 
provider programs to communicate information about 
managed objects to object manager 20. Operating sys- 
tem provider 118 is a collection of JAVA classes or 
native methods that represent the operating environ- 
ment of computer system 1 10. Operating system serv- 
ices 120 also provide logging information from 
operating system 1 16 to object manager 20. 
[0019] A variety of other providers may also be 
present. For example, an SNMP provider includes JAVA 
classes that map CIM data to SNMP data. Also, a CPU- 
specific provider may be used to transport resource 
information directly between CPU 114 and provider API 
122, thus bypassing operating system 1 16. 
[0020] Providers may be categorized into three 
types according to the requests they service. An 
instance type supplies dynamic instances of a given 
class and supports the retrieval, enumeration, modifica- 
tion and deletion operations. A property type supplies 
dynamic property values, for example, disk space. A 
method type supplies methods of one or more classes. 
A single provider can support both methods and 
instances. Most providers are "pull" providers which 
mean they maintain their own data, generating it 
dynamical if necessary. Pull providers have minimal 
interaction with object manager 20 and CIM repository 
130. The data managed by a pull provider typically 
changes frequently, requiring the provider to either gen- 
erate the data dynamically or retrieve it from a local 
cache whenever an application issues a request. A sin- 
gle provider can act simultaneously as a class instance 
and method provider by proper registration and imple- 
mentation of all relevant methods. 
[0021] The management layer of computer system 
110 includes CIM object manager 20, CIM repository 
130 and web server software 140. Object manager 20 
may be any suitable WBEM compliant manager. Object 
manager 20 manages CIM objects that are represented 
internally as JAVA classes. Client computers running 
management applications {such as application compu- 
ter 150) connect to object manager 20 for resource 
information about computer system 110. When a 
WBEM client connects to object manager 20 it receives 
a reference to that object manager. The client can then 
perform WBEM operations using this reference. 
[0022] When management application 32 uses cli- 
ent API 156 to request or update information about a 
managed object, object manager 20 contacts either the 
appropriate provider for that object or a suitable persist- 
ent storage mechanism such as repository 130. In one 
embodiment, classes that are handled by a provider 
have a "provider" qualifier that identifies the provider to 
contact for the class. When object manager 20 receives 
a request for a class that has a "provider" qualifier, it 
routes the request to the specified provider. If no pro- 
vider is specified it routes the request to repository 130 



using JAVA Naming and Directory Interface (JNDI) 132. 
[0023] Object manager 20 also performs various 
start-up functions: starting and registering the RMI 
server; registering the XML server; setting up a connec- 

5 tion to repository 130; and waiting for incoming 
requests. Object manager 20 also performs other nor- 
mal operations: performing security checks such as 
authentication and authorization; performing syntactical 
and semantic checking of CIM data operations; routing 

10 requests to providers or persistent storage; and deliver- 
ing data from providers or from persistent storage to cli- 
ent management applications. 

[0024] CIM repository 130 is a central storage area 
for CIM class and instance definitions that communi- 

15 cates with object manager 20 via connection 132. Con- 
nection 132 may be any suitable local connection within 
computer system 1 10, or may be a remote connection. 
Connection 132 may use any suitable protocol. Further 
details on communication with repository 130 are pro- 

20 vided in FIG. 2B and in FIGS. 4-8. 

[0025] Web server software 140 may be any suita- 
ble WBEM XML-compliant web server such as the Sun 
Web Server available from Sun Microsystems, Inc. 
JAVA servlet 142 converts XML data to the client API 

25 format. For example, if management application 132 
contains XML data, client API client 156 encodes the 
data as XML messages and transports the encoded 
messages to web server 140 that is running JAVA serv- 
let 142. Web server 140 listens for XML messages on a 

30 standard port and passes control to servlet 142 when 
detected. Servlet 142 then decodes the XML messages 
it receives. Servlet 142 then converts the XML data to 
the client API format and transmits the information back 
to client API 156 in RMI format. Alternatively, should 

35 object manager 20 support the HTTP format, client API 
156 may communicate directly to object manager 20 
without the need for web server 140. 
[0026] The application layer of WBEM architecture 
100 includes management application 32, CIM work- 

40 shop 152, MOF compiler 154 and client application pro- 
gramming interface (API) 156. In this embodiment of the 
invention, these elements of the application layer are 
shown running on application computer 150 {other 
hardware and software not shown for simplicity). Alter- 

45 natively, application computer 150 and computer sys- 
tem 1 1 0 may be the same computer or the elements of 
the application layer may reside on a variety of comput- 
ers and not exclusively on application computer 150. 
[0027] A software developer 30 uses any suitable 

so software tool to develop a management application 32 
for processing and displaying data from managed 
objects of computer system 1 10. Management applica- 
tion 32 uses client API 1 56 to request information about 
managed objects from object manager 20. In this fash- 

55 ion, analysis of the resources of computer system 1 10 
can be presented to a system administrator 40 for 
proper action. 

[0028] Client API 156 and provider APIs represent 
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and manipulate CIM objects. These APIs represent CIM 
objects as JAVA classes. An object is a computer repre- 
sentation or model of a managed resource of computer 
system 110 such as a printer, disk drive or CPU. A 
developer uses the CIM specification to describe man- 5 
aged objects and to retrieve information about managed 
objects in computer system 110. One advantage of 
modeling managed resources using CIM is that those 
objects can be shared across any system that is CIM 
compliant. 10 
[0029] Management application 32 may be any of a 
wide variety of software applications written to analyze 
and manage the resources of computer system 110. By 
way of example, management application 32 manages 
system aspects such as disk information {space availa- 15 
ble, partitions, etc.), CPU load, event processing, date, 
time, time zone, memory available, ports, etc. 
[0030] Application 32 may also manage specific 
devices of the computer system such as disks, tape 
drives, modems, other I/O devices, NICs, and network 20 
aspects of the system such as TCP/IP, Netbeui, Novell, 
etc. Further, management application 32 manages the 
software applications running on computer system 110 
by determining what is currently running on the system, 
what is currently installed, the state of installation, which 25 
applications can be terminated, performing application 
metering, managing application life cycle, process man- 
agement, user management, etc. 
[0031] In one embodiment of the invention, devel- 
oper 30 uses a CIM workshop 152 written in JAVA for 30 
viewing, changing, adding and deleting CIM classes 
and instances. CIM workshop 152 provides a graphical 
user interface for the developer. For example, developer 
30 may view and select namespaces, may add name- 
spaces, add properties, qualifiers and methods to new 35 
classes, view and create instances, and view and mod- 
ify instance values. Developer 30 may also use CIM 
workshop 152 to browse a class inheritance tree and 
change the root of an object tree for a namespace. 
[0032] MOF compiler 154 pares files created in the 40 
Managed Object Format (MOF), converts files to JAVA 
class and stores the extracted classes and instances in 
repository 130. The MOF language is a syntax for defin- 
ing CIM classes and instances and is described in the 
CIM specification. Although classes and instances can 45 
also be added through client API 156 using JAVA, MOF 
compiler 154 eliminates the need to write such code. 
Compiler 154 provides developers and administrators 
with a simple and fast technique for modifying reposi- 
tory 130. 50 
[0033] In one embodiment, client API 156 is a pub- 
lic API that JAVA applications use to request operations 
from object manager 20. Client AP1 156 is used by man- 
agement application 32 to transfer data to and from 
object manager 20. Client API 156 includes a variety of 55 
classes, instances and methods useful for communicat- 
ing with object manager 20 using any suitable transport 
mechanism. 
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[0034] Preferably, Client API 156 is an application 
programming interface used by management applica- 
tion 32 to communicate with object manager 20 using 
Remote Method Invocation (RMI) protocol 158 or XML 
over an HTTP protocol 160 according to the techniques 
described in U.S. patent application No. 
{Atty Docket SUN1P366) refer- 
enced above. Other suitable protocols may also be used 
such as COM from Microsoft Corporation. Client API 
156 may communicate directly with object manager 20 
using RMI or may communicate using the XML/HTTP 
protocol using web server 140. Alternatively, client API 
156 can communicate using the XML/HTTP protocol 
160 directly should object manager 20 support the 
HTTP format. 

[0035] Connections 170a-170d are any suitable 
local or network connection between computer system 
1 10 and application computer 150. By way of example, 
these connections occur over an internet, an intranet, 
an extranet, within a workgroup, or other. 
[0036] FIG. 2B illustrates further detail in which CIM 
object manager 20 communicates with any of a variety 
of remote CIM repositories using a repository API 180. 
In this embodiment, each of repositories 190, 192 and 
194 are located remotely from object manager 20 and 
computer system 110. In this example each repository 
is located on a different computer although it is conceiv- 
able that all may be located on a single computer, or 
that a repository is local to computer system 1 10. 
[0037] Repository 190 is a database implemented 
using a flat file technique or object serialization in JAVA; 
it communicates with Repository API 180 over a net- 
work connection 132a that uses simple JAVA code pro- 
tocol. Repository 192 is an object-oriented database 
and may be implemented using tools such as those 
available from Sybase, Oracle, or Informix. Repository 
812 communicates with Repository API 180 over a net- 
work connection 132b using a JAVA Database Connec- 
tivity (JDBC) protocol. Repository 194 is a Lightweight 
Directory Access Protocol {LDAP) type of database that 
communicates over network connection 132c using a 
JAVA Naming Directory Interface {JNDI) protocol. 
[0038] Repository API 180 is used by object man- 
ager 20 to store data to, or retrieve data from, the repos- 
itories. Repository AP1 180 includes a variety of classes, 
instances and methods useful for communicating with 
the repositories using any suitable protocol. Preferably, 
Repository API 180 communicates with the repositories 
using a JAVA language protocol, a JDBC protocol, a 
JNDI protocol, an LDAP protocol, an ODBC protocol, or 
other protocols suitable for use with a database. Imple- 
mentation of such communication between object man- 
ager 20 and the repositories according to an 
embodiment of the invention is further described in 
FIGS. 4-8. 

[0039] FIGS. 3A and 3B illustrate an example 
graphical user interface for CIM workshop 152. Prefera- 
bly, a login to the workshop prompts for a host name, 
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namespace, user name and password. By default, 
workshop 152 connects to the object manager on the 
local host in the default namespace. FIG. 3A illustrates 
CIM classes that represent objects in the selected 
namespace on the selected host. Listed in panel 210 
are the objects of the selected namespace. On the right- 
hand panel are shown the properties 212 for the 
selected object {in this case the object "Solaris Pack- 
age") and methods 214 (not shown). FIG. 3B shows all 
instances of a selected object. Instances are shown in 
the left-hand panel, and in this example instance 252 is 
shown. The right-hand panel shows all properties 254 
associated with the selected instance and its associated 
methods 256 (not shown). 

[0040] FIG. 4 illustrates an interface definition 300 
of Repository API 180 useful for implementing an 
embodiment of the invention. Interface 300 lists various 
methods that may be called by object manager 20 in the 
course of database operations with repositories 190- 
194. Advantageously, this interface may be imple- 
mented using a variety of classes having protocol-spe- 
cific methods thus allowing a transport neutral object 
manager to be written. Interface 300 includes an inter- 
face name 302 which in this example is "CIM Repository 
API." Included are a variety of methods defined for the 
interface. Each method has a method name 304, a 
return value 306 and parameters 308. By way of exam- 
ple, shown is one method "Add CIM Element" 310 hav- 
ing a return value of "void" and accepting parameters 
"element" and "namespace." A large number of other 
methods may be defined for interface 300 
[0041] By way of example, these methods include 
the following. The Create Namespace method creates a 
CIM namespace, a directory containing classes and 
instances. (When a management application connects 
to object manager 20 it specifies a namespace. All sub- 
sequent operations occur within that namespace on the 
object manager host.) The method Delete Class deletes 
the specified class. The method Delete Instance deletes 
the specified instance. The method Delete Qualifier 
deletes the specified qualifier. The method Enumerate 
Classes retrieves the specified classes from a reposi- 
tory. The method Enumerate Namespace gets a list of 
namespaces. The method Enumerate Instances gets of 
list of instances for the specified class. The method 
Enumerate Qualifier Types get a list of qualifier types for 
the specified class. The method Get Class gets the CIM 
class for the specified CIM object path. The Get 
Instance method gets the CIM instance for the specified 
CIM object path. 

[0042] The method Get Qualifier Type gets the 
qualifier type for the specified CIM object path. The 
method Set Instance invokes a repository to add or 
update the specified CIM instance to the specified 
namespace. Other methods may also be included 
within interface 300 such as Add Aliased Class Name, 
Add Aliased Instance Name, Get Aliased Class Name, 
Get Aliased Instance Name, etc. 



[0043] Once interface 300 has been defined it is 
possible to then code protocol-specific methods to 
implement each of the methods defined in interface 
300. In this fashion, any number of protocol-specific 

5 classes are provided each having an implementation for 
a specific protocol such as JDBC or LDAR Though the 
use of these protocol-specific classes, object manager 
20 is able to communicate with any CIM repository 
using any suitable protocol in a transparent fashion. 

10 [0044] FIG. 5 illustrates an implementation defini- 
tion 400 for the interface of FIG. 4. Specifically, imple- 
mentation 400 implements class "CIM Repository API" 
using methods specific to the LDAP protocol. Such pro- 
tocol-specific methods allow object manager 20 to com- 

15 municate via Repository API 180 to repository 194 
using the LDAP protocol. Implementation 400 includes 
a class name 402 "CIM Repository LDAP." Also 
included is constructor definition code 404 that con- 
structs an instance of class 402 that is specific to the 

20 LDAP protocol. Use of a constructor definition to create 
an instance is well known to those of skill in the art. 
[0045] Also included in implementation 400 are the 
specific implementations of the methods defined upon 
interface 300. For each method implemented there is a 

25 method name 406, a return value 408, parameters 410 
and implementation code 412. Implementation code 
412 is preferably JAVA code that implements the partic- 
ular method using any constructs necessary that are 
specific to the RMI protocol. Those of skill in the art will 

30 appreciate how to implement JAVA code for a particular 
purpose that must adhere to a specific protocol. 
[0046] Preferable, all of the methods defined upon 
interface 300 are implemented in implementation 400. 
Shown by way of example is the method Add CIM Ele- 

35 ment 41 6 which has a return value of "void" and accepts 
the parameters element and namespace. Not shown for 
simplicity is the actual LDAP-specific JAVA code that 
implements the method Add CIM Element. The other 
methods defined in interface 300 are also listed in 

40 implementation 400 along with their LDAP-specific 
code. 

[0047] FIG. 6 illustrates an implementation defini- 
tion 500 for the interface of FIG. 4. Specifically, imple- 
mentation 500 implements class "CIM Repository API" 

45 using methods specific to the JDBC protocol. Such pro- 
tocol-specific methods allow object manager 20 to com- 
municate via Repository API 180 to repository 192 
using the JDBC protocol. Implementation 500 includes 
a class name 502 "CIM Repository JDBC." Also 

so included is constructor definition code 504 that con- 
structs an instance of class 502 that is specific to the 
JDBC protocol. Use of a constructor definition to create 
an instance is well known to those of skill in the art. 
[0048] Also included in implementation 500 are the 

55 specific implementations of the methods defined upon 
interface 300. For each method implemented there is a 
method name 506, a return value 508, parameters 510 
and implementation code 512. Implementation code 
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512 is preferably JAVA code that implements the partic- 
ular method using any constructs necessary that are 
specific to the JDBC protocol. Those of skill in the art 
will appreciate howto implement JAVA code for a partic- 
ular purpose that must adhere to a specific protocol. 5 
[0049] Preferable, all of the methods defined upon 
interface 300 are implemented in implementation 500. 
Shown by way of example is the method Add CIM Ele- 
ment 516 which has a return value of "void" and accepts 
the parameters element and namespace. Not shown for w 
simplicity is the actual JDBC-specific JAVA code that 
implements the method Add CIM Element. The other 
methods defined in interface 300 are also listed in 
implementation 500 along with their JDBC-specific 
code. 15 
[0050] FIG. 7 is a JAVA factory class 600. Factory 
600 is used for determining which protocol is desired by 
object manager 20 and directing the creation of a proto- 
col-specific object to be returned to the object manager. 
[0051] Factory 600 includes a class name 602 "CIM 20 
Repository Factory" and any number of defined meth- 
ods. For each method there is a method name 604, a 
return value 606, parameters 608 and an implementa- 
tion 610. In particular, the method Get Repository API 
accepts the parameters protocol, namespace and ver- 25 
sion, and returns an instance of interface 300 which is a 
protocol-specific instance of either implementation 400 
or implementation 500. Of course, other protocol-spe- 
cific objects may be returned if other implementations 
are defined. The implementation code 610 for method 30 
612 may be any suitable JAVA code that checks the pro- 
tocol parameter to see which protocol is desired and 
then directs either implementation 400 or 500 to con- 
struct a new instance of itself. By way of example, a 
series of case statements may be used. Other methods 35 
may also be defined and implemented within factory 
600. 

OBJECT MANAGER EXECUTION 

40 

[0052] FIG. 8 is a flowchart illustrating invocation of 
a method by the object manager to perform a database 
operation such as storing or retrieving an object. Once 
management application 32 has been created by devel- 
oper 30 and the classes and methods of FIGS. 4-7 have 45 
been defined, the object manager may perform opera- 
tions on one of the repositories using any desired proto- 
col. FIG. 8 illustrates a single method call according to 
one embodiment of the invention. 

[0053] In step 702 management application 32 ere- 50 
ates a connection from application computer 150 to 
computer system 110. Preferably, application 32 
invokes a method within Client API 156 which creates 
an instance of application 32 within object manager 20. 
Application 32 passes to the method a host name, a 55 
namespace, a user name, a password, and the protocol 
by which it is desired to communicate with host compu- 
ter system 110. Any suitable network protocol may be 
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identified such as RMI, XML/HTTP or DCOM. 
[0054] In step 704 object manager 20 receives a 
method call from application 32 that requires a data- 
base operation. The method call is preferably performed 
using the technique described in U.S. patent application 
No. 09/333,878. In response to this method call, object 
manager 20 identifies a repository and protocol and 
makes a call to Repository API 180. 
[0055] In step 706 factory 600 of Repository API 
180 checks the protocol desired by object manager 20 
using its method Get Repository API. This method 
returns a protocol-specific object which is an instance of 
either the class defined in implementation 400 or the 
class defined in implementation 500. For example, in 
step 710 if the protocol parameter is LDAP, then in step 
714 the constructor definition 404 of implementation 
400 executes and results in an LDAP-specific object 
having LDAP-specific methods being returned to the 
object manager. On the other hand, if the protocol 
parameter is JDBC, then in step 722 the constructor 
definition 504 of implementation 500 executes and pro- 
duces a JDBC-specific object which is returned to the 
object manager. As shown in steps 726 and 730, a 
desire for use of simple JAVA protocol results in a JAVA- 
specific object being returned. Other protocols are also 
supported. In step 738 object manager 20 invokes a 
desired database method upon the protocol-specific 
object recently returned. Because the methods of this 
object are specific to the protocol desired by object 
manager 20, communication between Repository API 
180 and the target repository occurs using the desired 
protocol in a fashion transparent to application 32 and to 
object manager 20. 

[0056] Once the target CIM repository has proc- 
essed the method (which may be a request for an 
object, a request to add an object, etc.), then in step 742 
the result is returned from the repository to object man- 
ager 20 via Repository API 180 using the desired proto- 
col. In this fashion, a technique has been described that 
allows an object manager to be written independent of 
the protocol by which it is desired to communicate with 
a target CIM repository. 

COMPUTER SYSTEM EMBODIMENT 

[0057] FIGS. 9 and 10 illustrate a computer system 
900 suitable for implementing embodiments of the 
present invention. FIG. 9 shows one possible physical 
form of the computer system. Of course, the computer 
system may have many physical forms ranging from an 
integrated circuit, a printed circuit board and a small 
handheld device up to a huge super computer. Compu- 
ter system 900 includes a monitor 902, a display 904, a 
housing 906, a disk drive 908, a keyboard 910 and a 
mouse 912. Disk 914 is a computer-readable medium 
used to transfer data to and from computer system 900. 
[0058] FIG. 10 is an example of a block diagram for 
computer system 900. Attached to system bus 920 are 
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a wide variety of subsystems. Processors) 922 {also 
referred to as central processing units, or CPUs) are 
coupled to storage devices including memory 924. 
Memory 924 includes random access memory (RAM) 
and read-only memory (ROM). As is well known in the 
art, ROM acts to transfer data and instructions uni- 
directionally to the CPU and RAM is used typically to 
transfer data and instructions in a bi-directional manner. 
Both of these types of memories may include any suita- 
ble of the computer-readable media described below. A 
fixed disk 926 is also coupled bi-directionally to CPU 
922; it provides additional data storage capacity and 
may also include any of the computer-readable media 
described below. Fixed disk 926 may be used to store 
programs, data and the like and is typically a secondary 
storage medium {such as a hard disk) that is slower 
than primary storage. It will be appreciated that the 
information retained within fixed disk 926, may, in appro- 
priate cases, be incorporated in standard fashion as vir- 
tual memory in memory 924. Removable disk 914 may 
take the form of any of the computer-readable media 
described below. 

[0059] CPU 922 is also coupled to a variety of 
input/output devices such as display 904, keyboard 910, 
mouse 912 and speakers 930. In general, an input/out- 
put device may be any of: video displays, track balls, 
mice, keyboards, microphones, touch-sensitive dis- 
plays, transducer card readers, magnetic or paper tape 
readers, tablets, styluses, voice or handwriting recog- 
nizers, biometrics readers, or other computers. CPU 
922 optionally may be coupled to another computer or 
telecommunications network using network interface 
940. With such a network interface, it is contemplated 
that the CPU might receive information from the net- 
work, or might output information to the network in the 
course of performing the above-described method 
steps. Furthermore, method embodiments of the 
present invention may execute solely upon CPU 922 or 
may execute over a network such as the Internet in con- 
junction with a remote CPU that shares a portion of the 
processing. 

[0060] In addition, embodiments of the present 
invention further relate to computer storage products 
with a computer-readable medium that have computer 
code thereon for performing various computer-imple- 
mented operations. The media and computer code may 
be those specially designed and constructed for the pur- 
poses of the present invention, or they may be of the 
kind well known and available to those having skill in the 
computer software arts. Examples of computer-reada- 
ble media include, but are not limited to: magnetic 
media such as hard disks, floppy disks, and magnetic 
tape; optical media such as CD-ROMs and holographic 
devices; magneto-optical media such as floptical disks; 
and hardware devices that are specially configured to 
store and execute program code, such as application- 
specific integrated circuits (ASICs), programmable logic 
devices (PLDs) and ROM and RAM devices. Examples 



of computer code include machine code, such as pro- 
duced by a compiler, and files containing higher level 
code that are executed by a computer using an inter- 
preter. 

5 [0061] Although the foregoing invention has been 
described in some detail for purposes of clarity of 
understanding, it will be apparent that certain changes 
and modifications may be practiced within the scope of 
the appended claims. For instance, the application com- 

10 puter and the computer system to be managed may be 
the same computer, or may be separated by a great dis- 
tance. Also, the various CIM repositories may be 
located along with the computer system, may each be 
remotely located on a separate computer, or may be 

15 remotely located on a single computer. The use of a 
web server may not be required should the CIM object 
manager support the HTTP format. Other types of 
classes and methods may be used while not departing 
from the spirit of the invention. Therefore, the described 

20 embodiments should be taken as illustrative and not 
restrictive, and the invention should not be limited to the 
details given herein but should be defined by the follow- 
ing claims and their full scope of equivalents. 

25 Claims 

1. A method for communication between a Common 
Information Model (CIM) object manager of a host 
computer and a CIM repository, said method com- 
30 prising: 

creating a connection between said object 
manager and said CIM repository; 

35 passing a protocol indicator from said object 

manager to a repository application program- 
ming {API), said protocol indicator identifying a 
protocol by which said CIM object manager 
desires to communicate with said CIM reposi- 

40 tory; 

creating a protocol-specific object having meth- 
ods implemented using said protocol; and 

45 returning said protocol-specific object to said 

CIM object manager, whereby said CIM object 
manager may communicate with said CIM 
repository using said protocol. 

so 2. The method of claim 1 further comprising: 

invoking a method defined upon said protocol- 
specific object; 

55 transmitting said method using said protocol 

over said connection to said CIM repository; 
and 
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returning a result to said CIM object manager 
over said connection using said protocol. 

3. The method of claim 1 wherein said protocol is 
LDAR JDBC, or JAVA. 

4. The method of claim 1 wherein said CIM repository- 
is resident on said host computer. 

5. The method of claim 1 wherein said CIM repository 
is resident on a separate computer. 

6. The method of claim 1 wherein said creating a pro- 
tocol-specific object includes 

calling a JAVA factory class. 

7. A computer system for interacting with a CIM 
repository database, said system comprising: 

a CIM object manager including a protocol indi- 
cator and program code for interacting with 
said CIM repository; and 

a repository application programming interface 
(repository API) including 

a factory class arranged to receive said 
protocol indicator from said object man- 
ager and produce a protocol-specific 
object, 

a first class having methods defined ther- 
eon implemented in a first protocol, and 

a second class having methods defined 
thereon implemented in a second protocol, 
whereby said protocol-specific object may 
be returned to said object manager for use 
in interacting with said CIM repository. 

8. The system of claim 7 wherein said CIM object 
manager is arranged to receive a method call from 
a management application using the protocol iden- 
tified by said protocol indicator. 

9. The system of claim 7 wherein said CIM repository 
is resident on said computer system. 

10. The system of claim 7 wherein said computer sys- 
tem and said CIM repository are connected over a 
network connection implemented in the protocol 
identified by said protocol indicator. 

11. The system of claim 7 wherein the protocol identi- 
fied by said protocol indicator is LDAR JDBC or 
JAVA. 



12. The system of claim 7 further comprising: 

a plurality of CIM repositories, each repository 
arranged to communicate with said CIM object 
5 manager using a different protocol. 

13. The system of claim 12 wherein each repository is 
resident on a different computer. 

w 14. A computer-readable medium comprising computer 
code for communication between a Common Infor- 
mation Model (CIM) object manager of a host com- 
puter and a CIM repository, said computer code of 
said computer-readable medium effecting the foi- 
ls lowing: 

creating a connection between said object 
manager and said CIM repository; 

20 passing a protocol indicator from said object 

manager to a repository application program- 
ming (API), said protocol indicator identifying a 
protocol by which said CIM object manager 
desires to communicate with said CIM reposi- 

25 tory; 

creating a protocol-specific object having meth- 
ods implemented using said protocol; and 

30 returning said protocol-specific object to said 

CIM object manager, whereby said CIM object 
manager may communicate with said CIM 
repository using said protocol. 

35 15. The computer-readable medium of claim 14 further 
comprising computer code for effecting the follow- 
ing: 

invoking a method defined upon said protocol- 
40 specific object; 

transmitting said method using said protocol 
over said connection to said CIM repository; 
and 

45 

returning a result to said CIM object manager 
over said connection using said protocol. 

16. The computer-readable medium of claim 14 
so wherein said protocol is LDAR JDBC or JAVA. 

17. The computer-readable medium of claim 14 
wherein said creating a protocol-specific object 
includes 

55 

calling a JAVA factory class. 
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Description 

[0001] The present invention relates to a method of 
managing changes of time-slot allocations in ring net- 
works protected by a transoceanic MS-SPRING protec- 5 
tion mechanism. 

[0002] In SDH MS-SPRING {Multiplex Section 
Shared Protection Ring) networks, a shared protection 
mechanism is implemented, which mechanism allows 
for the automatic restoration of the traffic in case of de- 10 
fects or failures in the connection fibers. In other words, 
the MS shared protection ring networks perform the au- 
tomatic restoration of the traffic through a synchronized 
re-routing of said traffic, performable at each node of the 
ring. This operation is controlled by a protocol consisting is 
of messages that are continuously interchanged be- 
tween adjacent nodes. Said protocol and the related op- 
erations are defined by several international standards 
issued by ANSI, ITU-T and ETSI and they are charac- 
terized by a set of rules and messages. See, for in- 20 
stance, Recommendation ITU-T G. 841. 
[0003] Protection in an MS shared protection ring net- 
work is implemented according to a so-called Bridge 
and Switch technique that consists essentially in re-rout- 
ing the traffic, by means of an appropriate modification 25 
in the internal connections of the network elements, 
switching it from the working capacity to the protection 
capacity. The protection in an MS shared protection ring 
network is a multiplex section-oriented protection mech- 
anism, i.e. the events defining the traffic restoration and 30 
the hierarchy that regulates those events are given at 
multiplex section level. In the "classic" {or terrestrial) MS 
shared protection rings, in the event of a failure, the 
whole high-priority line capacity is re-routed by utilizing 
the corresponding low-priority line capacity; in the tran- 35 
soceanic MS shared protection rings, on the contrary, 
only the paths affected by a failure are selectively re- 
routed. 

[0004] It is also known that the ring networks provide 
for a mechanisms termed "Time Slot Interchange", in 40 
short TSI. TSI means, for instance, that when traffic is 
configured in a given ring network, such a traffic, which 
is carried in the associated STM-n and hence in the AU- 
4 contained in the STM-n, is allowed to travel through a 
network element occupying different AU-4 numbers at 45 
the input and at the output. Consider for instance a max- 
imum capacity of a four-fiber ring, composed of sixteen 
AU-4s. The TSI mechanism allows one to enter a net- 
work element {of pure transit and where no termination 
occurs) with AU-4#X from its West side (W) and to go so 
out from its East side (E) with an AU-4#Y, where X^Y = 
1, 2, .... 16. The advantage is a greater flexibility in the 
traffic allocation and a very efficient exploitation of the 
band. 

[0005] At present, performing TSI in ring networks 55 
protected by an MS-SPRING protection mechanism is 
not known. In particular, it is not known to perform allo- 
cation changes in transoceanic MS shared protection 



ring networks. 

[0006] Therefore the main object of the present inven- 
tion is to provide a method allowing the execution of al- 
location changes in transoceanic rings protected by an 
MS-SPRING mechanism. This and further objects are 
achieved by a method having the features set forth in 
independent claim 1 and a network element according 
to claim 8. The respective dependent claims define fur- 
ther advantageous characteristics of the invention itself. 
All the claims are intended to be an integral part of the 
present description. 

[0007] The basic idea of the present invention con- 
sists substantially in protecting the high-priority traffic by 
assigning, in case of a ring failure, the low-priority chan- 
nel time slots chosen according to the real failure loca- 
tionandtotheinstantat which such failure has occurred, 
with respect to other failures possibly already present. 
[0008] The invention will certainly become clear in 
view of the following detailed description, given byway 
of a mere non limiting and exemplifying example, where- 
in: 

Fig. 1 shows a ring network in a stable faultless sit- 
uation, the network having a plurality of nodes, two 
installed paths and some allocation changes; 
Fig. 2 shows the same ring network of Fig. 1 just 
after a ring failure took place; 
Fig. 3 shows the ring network of Fig. 2 in a stable 
situation with a ring failure; 
Figs. 4 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed inthe event of simultaneous double 
failure; 

Figs. 5 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed in the event of nearly simultaneous 
double failure; 

Figs. 6 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed in the event of double failure at dif- 
ferent times {first sub-scenario); 
Figs. 7 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed in the event of double failure at dif- 
ferent times {second sub-scenario); 
Figs. 8 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed inthe event of clearing of a first fail- 
ure; and 

Figs. 9 show the signaling that is received/generat- 
ed by the single nodes and the corresponding ac- 
tions performed in the event of clearing of a second 
failure. 

[0009] In the various figures, a four-fibertransoceanic 
telecommunication ring has been always depicted. The 
two working fibers (otherwise known as "high-priority 
channels" or "HP channels") are indicated by solid-line 
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arrows whereas the protection fibers (otherwise known 
as "low-priority channels" or "LP channels") are indicat- 
ed by dashed-line arrows. Naturally, the present inven- 
tion applies both to the illustrated case of bi-directional 
traffic and to the case of unidirectional traffic. 5 
[0010] Moreover, the present invention is applicable 
also to rings in which the traffic subjected to TSI is con- 
figured with "channel concatenation (AU4)". 
[0011] The ring illustrated to describe the invention 
comprises ten network elements or nodes, represented 
by blocks and designated by respective numerals {1 to 
10). The West (W) and East (E) sides of each node are 
indicated. The term "span" is used throughout this de- 
scription to mean that part between two adjacent nodes, 
for instance between nodes 1 and 2 or the one between 
nodes 7 and 8. 

[001 2] In the ring there are depicted, by way of a non- 
limiting example, two paths installed, "path (a)" and 
"path (b)". The first path (path a) is depicted by a bolt 
solid line whereas the second path (path b) is depicted 
by a bolt dotted line. Path (a) is inserted at node 2 and 
is dropped at node 8. Path (b) is inserted at node 4 and 
is dropped at node 9. 

[001 3] Finally, it has been tried to clearly indicate (with 
numbers after symbol "#")the various time slots in which 
the various paths are allocated, span by span. Thus it 
has been also indicated if a Time Slot Interchange (TSI) 
occurs at a node or if that node allows that path to transit 
without changing the AU-4 on which it is allocated. 
[0014] The present invention contemplates the gen- 
eral criteria set forth below: 

I) single failure : once a ring failure has occurred in 
a given span, a ring switch action is performed by 
the MS shared protection mechanism. This activity 
defines the set of re-routable paths, namely all the 
paths whose nominal route includes the failured 
span. According to the present invention, each of 
these paths is re-routed on the time slot of the low- 
priority (LP) channels corresponding to the time slot 
of the high-priority (HP) channels of the failured 
span. There is no risk of any conflict since the LP 
time-slot assignment criterion is the same for all the 
failured paths. 

II) double failure : if a failure occurs at a further span 
and the path can still be saved, then 

II. I) i) the actual re-routing is released; ii) among 
the two failured spans one is chosen according 
to a certain criterion; and iii) the path is re-rout- 
ed over the time slot of the low-priority (LP) 
channels corresponding to the time slot of the 
high-priority (HP) channels of the selected fail- 
ured span. Should multiple (more than two) fail- 
ures occur, the choice of the span to consider 
for the TSI path protection is to be made by se- 
lecting, according to the above criterion, among 
the spans adjacent to the switching nodes that 



are able to communicate with the termination 
nodes of the path to be protected. There is no 
risk of any conflict since the LP time-slot as- 
signment criterion is the same for all the paths 
affected by thefailure. Inthisway, anytransient 
misconnection is avoided. 
II. II) The actual re-routing is not released when 
the persistency of the re-routing information is 
supported by the ring network elements. 

[001 5] The procedures that are implemented by each 
node of the ring (in addition to the procedures already 
provided for by the MS shared protection mechanism) 
will be indicated below: 

A. If, at both W and E sides of the node, two Bridge 
Requests with an "Idle" status code concerning the 
same span {single failure) are detected, then each 
path comprising the span in question is re-routed 
over the LP time slot equal to the HP time slot of the 
(sole) span affected by the failure. In other words, 
if the node is a path termination node (a node where 
the path to be re-routed is inserted or dropped), the 
Bridge & Switch action is performed by utilizing the 
LP time slot equal to the HP time slot of the span 
affected by the failure. 

A1 . If at W or E side of the node at least one Bridge 
Request with an "Idle" status code is detected, a 
pass-through is performed, if necessary, by utilizing 
the same LP time slot (LP time slot equal to the HP 
time slot of the span affected by the failure). 

B. If at both W and E sides of the node Ridge Re- 
quests with a "Bridged and Switched" status code 
concerning different spans {multiple failures) are 
detected, then each path comprising the spans in 
question is re-routed over the LP time slot equal to 
the HP time slot of the span affected by the failure 
that has been chosen according to a fixed criterion. 
The criterion for selecting one among the failed 
spans could, for instance, be any one of the follow- 
ing: 

a) the failed span adjacent to the switching 
node with higher {or lower) node identification 
is chosen; 

b) the failed span adjacent to the switching 
node coming first {or last) in the ring map; or 

c) the failed span adjacent to the switching 
node that is "far West" or "far East" node in the 
ring. 

[0016] Similarly to the above case A, if the node in 
question is a path termination node (node in which the 
path to be re-routed is inserted or dropped), the Bridge 
& Switch action is performed by utilizing the LP time slot 
equal to the HP time slot of the selected failured span. 

B1. If at the W or E side of the node at least one 
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Bridge Request with "Bridged and Switched" status 
code is detected, a pass-through is performed, if 
necessary, by utilizing the same LP time slot as 
above. 

C. In an optimized embodiment, should a path re- 5 
routing due to single failure be under way, if at W 
and E sides of the node Bridge Requests with a dif- 
ferent ("Idle" or "Bridged and Switched") status 
code that carry the indication of a second failure, 
hence located at a different span, are detected, 
then, for each path that has already been re-routed, 
it is evaluated if the new requests exhibit a failured 
state that requires to release or maintain the 
present re-routing. It is not necessary to release the 
actual re-routing of a single path in the following 
cases: 



[001 7] It is understood how the persistency of the path 
re-routing condition is strictly connected to the coexist- 
ence of the aforesaid triggers at both sides of the nodes. 
This behavior results in the correct re-routing of the fail- 
ured paths, namely it prevents misconnectionsfrom be- 
ing created during transient states of the ring protection 
mechanism. 

[0018] Note that the above is applicable to the case 
of bi-directional path and unidirectional one not using 
the inverse route. Clearly, if two unidirectional paths are 
allocated on the same time slot (in opposite directions), 
then the same LP time slot can be assigned to both 
paths. 

[0019] Fig. 1 shows a transoceanic MS shared pro- 
tection ring protected against failures in accordance with 
the invention, at some nodes of the ring Time-Slot Inter- 
change (TSI) occurring. The installed paths are two: (a) 
and (b). Path (a) enters the ring at node 2 and is allo- 
cated on the AU-4 #1 ; therefore, in span 2-3 the alloca- 
tion is AU-4#1; at node 3 the allocation is unchanged 
(therefore it remains AU-4#1); at node 4, the allocation 
is changed from AU-4#1 to AU-4#3; in span 4-5 the al- 
location is therefore AU-4#3; at node 5 the allocation is 
not changed {therefore it remains AU-4#3); in span 5-6 
the allocation is therefore AU-4#3; at node 6 the alloca- 
tion is changed from AU-4#3 to AU-4#7; therefore, in 
span 6-7 the allocation is AU-4#7; at node 7 the alloca- 
tion changes again from AU-4#7 to AU-4#6; therefore, 
in span 7-8 the allocation is AU-4#6; finally, path (a) is 
dropped at node 8. For path (b): it enters at node 4 and 
is allocated on AU-4#1; this allocation is maintained up 
to node 6 where it changes from AU-4#1 to AU-4#6; it 
is changed again at node 7 (passing from AU-4#6 to AU- 
4#7) and at node 8 {passing from AU-4#7 to AU-4#6). 



Finally, path {b) is dropped at node 9. 
[0020] In the event of a ring failure {namely, a failure 
that makes both high-priority {HP) channels and low-pri- 
ority {LP) channels useless), the present invention pro- 
vides for a method of remedying such failure notwith- 
standing the presence of allocation changes in the ring. 
Reference should be made, for the event of single ring 
failure, to Figs 2 and 3 where a ring failure in the span 
6-7 has been simulated. 

[0021] As it is known, the management of failures in 
the synchronous {SDH or SON ET) telecommunications 
networks occurs, for some protection types among 
which the MS-SPRING one, through bytes K1 and K2 
of the frame overhead. Since the present invention does 
not concern specifically such bytes K1 and K2, a more 
precise description thereof will not be given, the reader 
having the possibility to refer to relevant Recommenda- 
tions, for instance the ITU-T Recommendation G. 841, 
incorporated herein by reference. 
[0022] In the event of a failure, the nodes {6 and 7) 
that are adjacent to the failure will send, as usual, proper 
failure signaling in the direction opposite to the failure. 
The structure of the request {APS signaling) is the fol- 
lowing: Bridge Request, Destination Node ID, Source 
Node ID, Type of Path, Protection Status. In this in- 
stance, the node 6 will send a signaling of the type SF, 
7,6, L, ID (Signal Fail, Destination Node: 7, Source Node: 
6, Path: Long, Protection Status: Idle) to indicate that a 
ring failure occurred at span 6-7 and that no action has 
been taken for the time being. Node 7 will do the same 
by sending a signaling type SF,6,7,L,ID from its East 
side(E). 

[0023] Such signaling will travel down the ring in op- 
posite directions and will be received by termination 
nodes (2, 8; 4, 9) of paths (a) and (b) that will perform 
the requested Bridge and Switch {BR & SW) by utilizing 
the LP channels. In accordance with the present inven- 
tion, the ring protection (BR&SW and pass-through), in 
the event of single ring failure, is performed by squelch- 
ing the terminations of LP traffic allocated on the AU-4s 
corresponding to the failured span and by allocating the 
HP traffic on such AU-4s. With reference to Fig. 3, since 
in span 6-7 the path {a) was allocated on the HP AU- 
4#7 and the path (b) was allocated on the HP AU-4#6, 
the allocation AU-4#7 {of the LP channels) will be uti- 
lized for the first path and the allocation AU-4#6 {of the 
LP channels) will be utilized for the second path. 
[0024] Should TSI be configured also on low-priority 
traffic, the high-priority traffic protection that requires the 
use of one of the LP channels utilized in the low-priority 
TSI, will anyway result in the squelching action on both 
the low-priority traffic terminations. 
[0025] Once a node adjacent to the failure has re- 
ceived the signaling sent by its homologous opposite 
side, with Protection Status corresponding to "Idle", the 
node itself will send a modified signaling {with Protection 
Status = Bridged & Switched, BS). In other words, node 
6 will send SF,7 ,6, L,BS from its West side whereas node 



i) when a failure is detected in addition to the 
already existing failure/s {and such new failure/ 
s does/do not result in the "isolation" condition 20 
of any of the termination nodes of the already 
protected path); or ii) when the last occurred 
span failure has been removed. 
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7 will send SF,6,7,L,BS from its East side. Upon resto- 
ration of the full ring functionality {fault clearing) the 
BR&SW will be removed and the failure signaling (SF, 
7,6,L,BS and SF,6,7,L,BS) w j|| be removed. 

[0026] The present invention, in addition to the single 5 
failure event illustrated above, provides for a traffic pro- 
tection method applicable to multiple failures leading to 
isolation of one or more nodes in which the TSI of the 
installed path/s is configured. Within this context three 
failure scenarios are considered and separately de- 10 
scribed: in the first scenario the failures occur simulta- 
neously, in the second scenario the failures occur nearly 
simultaneouslywhile inthe third scenario the failuresoc- 
cur at different times. 

[0027] Referring initially to Figs. 4, consider the case 15 
where two failures {SF1 and SF2) occur exactly at the 
same time instant. For simplicity, paths (a) and (b) be- 
fore the occurrence of the failures, are allocated in a 
manner similar to what described for Fig. 1 and therefore 
the description of the allocations will not be repeated 20 
here. Upon the occurrence of the first failure (SF1) on 
the span 6-7, the node 6 (Fig. 4.1) will send a failure 
signaling (SF,7,6,L,ID) from the West side whereas, up- 
on the second failure (SF2) on the span 7-8, node 8 will 
send a simultaneous failure signaling (SF,7,8,L,ID) from 25 
the East side (Fig. 4.2). 

[0028] At the time when each of the two signaling with 
"Idle" code, which were generated by the switching 
nodes, is received by the termination nodes of the paths 
to be protected, squelching of the local termination (if 30 
any) of the LP channel corresponding to the H P channel 
allocated in the failed span to which the signaling is re- 
ferred, takes place; while, at the nodes designed to re- 
alize the pass-through of the LP channels, the squelch- 
ing of the local termination {if any) of the LP channel 35 
corresponding to the HP channel allocated in the failed 
span to which the signaling is referred takes place and 
the subsequent pass-through connection also takes 
place. The actions just described (squelching and 
squelching + pass-through) are removed both from the 40 
path termination nodes and from the pass-through 
nodes, as soon as such nodes receive the second sig- 
naling generated by the switching nodes. 
[0029] When (Fig. 4.3) the signaling (SF,7,6,L,ID) 
containing the "Idle" code of SF1 reaches node 8, node 45 

8 {Fig. 4.4) will send a signaling containing BR&SW {BS) 
Status Code of the type SF,7,8,L,BS. The same will be 
for node 6 {Fig. 4.5): as soon as it receives signaling 
(SF,7,8,L,ID) containing the "Idle" code of SF2, it will 
send a signaling containing BR&SW Status Code {BS) so 
of the type SFJ^L.BS. 

[0030] Atthe time when one of the two signalings with 
BS code generated by switching nodes is received by 
the termination nodes of the HP paths to be protected, 
the squelching of the local termination (if any) of the LP 55 
channel to be used for the protection, that was chosen 
according to one of the criteria described above, takes 
place; while, at the nodes designed to realize the pass- 



through of the LP channels, the squelching of the local 
termination (if any) of the same LP channel will take 
place and also the subsequent pass-through connec- 
tion, will take place. 

[0031] The Bridge & Switch action that is performed 
on the LP channel chosen according to the same crite- 
rion as above, is performed by every termination node 
of the HP paths to be protected, as soon as both sign- 
alings with BS Code (SF,7,6,L,BS and SF,7,8,L,BS) are 
detected at the two sides of the node itself. 
[0032] Thus, a stable state of the protected ring has 
been achieved. 

[0033] Referring initially to Figs. 5, consider the case 
where two failures (SF1 and SF2) occur nearly at the 
same time instant (or anyway failure SF2 occurs before 
the situation following SF1 is stabilized). For simplicity, 
paths {a) and (b) before the occurrence of the failures, 
are allocated similarly to what described for Fig. 1 and 
therefore the description of the allocations will not be 
repeated here. Upon the occurrence of the first failure 
(SF1 ) in span 6-7, the node 6 will send a failure signaling 
(SF,7,6,L,ID) from the West side and, similarly, it will 
send another failure signaling {SF,6,7,L,ID) from East 
side. See Figs. 5.1 and 5.2. 

[0034] Suppose (Fig. 5.3) that the failure signaling 
(SF,6,7,L,ID) from the East side is able to reach node 8 
before the second failure (SF2) occurs in span 7-8, 
which results in node 7 isolated. Upon the second failure 
(SF2), node 8 (node adjacent to the failure) will send a 
corresponding failure signaling {SF,7,8,L,ID) from its 
East side. Anyway, the signaling of the second failure 
will follow the first failure one {Fig. 5.4). 
[0035] As soon as the signaling (SF,6,7,L,ID; SF, 
7,6, L, ID) containing the "Idle" code of the first failure 
reach the termination node 2 {Fig. 5.5) of path (a), this 
node will perform the BR&SW action by utilizing the LP 
AU-4 corresponding to the span affected by the first fail- 
ure {LP AU-4#7, in this instance). However, as soon as 
also the new signaling (SF,7,8,L,ID) of the second failure 
(SF2) reaches node 2, the BR&SW action, just realized, 
is removed {Fig. 5.6). 

[0036] Analogously (Fig. 5.7), as soon as the signal- 
ing (SF,6,7,L,ID; SF,7,6,L,ID) containing the "Idle" code 
of the first failure reach the termination node 4 of the 
path {b), this node will perform the BR&SW action by 
utilizing the LP AU-4 corresponding to the span affected 
by the first failure (LP AU-4#6 in this case). However, as 
soon as also the new signaling (SF,7,8,L,ID) relating to 
the second failure (SF2) reaches node 4, the BR&SW 
action, just realized, is removed {Fig. 5.8). 
[0037] Obviously, the actions to be taken before the 
just described temporary BR&SWs are the squelching 
of the local termination (if any) of the LP channel asso- 
ciated with the span 6-7 both on the termination nodes 
of the paths to be protected, and on the nodes designed 
to realize the pass-through, as well as the pass-through 
connection of the LP channel itself: in order a node to 
perform such actions, the reception of at least one of the 
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two signaling with "Idle" code generated by the switch- 
ing nodes is enough to the interested node. 
[0038] Atthe same time, when the signaling (SF,7,6,L, 
ID) containing the "Idle" code of the first failure reaches 
node 8, node 8 will send a signaling containing the 5 
BR&SW (BS) status code of the type SF,7,8,L,BS {Fig. 

5.9) . The same will be for node 6: as soon as it receives 
the signaling (SF,6,7,L,ID) containing the "Idle" code of 
the first failure, it will send a signaling containing the 
BR&SW (BS) Status Code of the type SF,7,6,L,BS {Fig. 10 

5.10) . 

[0039] Because of the presence of the new signaling 
(SF,7,8,L,ID) concerning the second failure (SF2), node 
6 will change again its signaling from SF,7,6,L,BS to SF, 
7,6,1,10 (Fig. 5.11). 15 
[0040] At this stage both the signaling transmitted by 
node 8 containing the BR&SW Status Code and the two 
consecutive signaling transmitted by node 6 respective- 
ly containing the BS&SW (BS) and the "Idle" status 
codes are present in the ring. The signaling containing 20 
the BS Status Code result, at the nodes detecting them, 
in the squelching of the local termination (if any) of the 
LP channel chosen for the protection according to one 
of the aforesaid criteria {for instancethe LP channel cor- 
responding to the allocation used in the span affected 25 
by the first failure, AU-4#6), as well as in the pass- 
through of such LP channel at the nodes designed to 
perform such a function. It is to be noted that, among 
the two signaling that consecutively emitted by node 6, 
the one containing "Idle" code does not remove the 30 
squelching and pass-through actions activated by the 
previous signaling (with BS code), since both refer to 
the same failed span: SF,7,6,L,BS and SF,7,6,L,ID. 
[0041] The node 9 (Fig. 5.12), receiving a signaling 
with BS code (SF,7,6,L,BS and SF,7,8,L,BS) from both 35 
its W and E sides, will perform the BR&SW action by 
utilizing the LP allocation related to one of the failured 
spans, for instance the one affected by the first failure 
(AU-4#6). Node 8, that receives the signaling containing 
the BS code (SF,7,6,L,BS) previously sent to it by node 40 
6, will realize the BR&SW action {Fig. 5.13) by utilizing 
the LP allocation related to one of the failured spans, for 
instance the one affected by the first failure {AU-4#7). 
Some of the possible selection criteria have been men- 
tioned above. 45 
[0042] Since the request that reaches both node 9 
and node 8 with "Idle" code, is related to the failured 
span already indicated in the preceding request (SF, 
7,6,L,BS), the BR&SW action is maintained {Fig. 5.14). 
[0043] When the request related to the second failure so 
(SF2) and containing the BS code reaches node 6, the 
APS signaling is updated with the BS code, namely 
node 6 will send, from side W, the signaling SF,7,6,L,BS 
(Fig. 5.15). 

[0044] Node 4, as soon as it receives signaling with 55 
BS code from both sides, will realize the BR&SW action 
by utilizing the LP allocation related to one of the spans 
affected by a failure, for instance the one affected by the 



10 

first failure {AU-4#6). 

[0045] Lastly, the node 2, as soon as it receives, from 
both its W and E sides, a signaling with BS code (SF, 
7,6,L,BS and SF,7,8,L,BS), will perform the BR&SW ac- 
tion {Fig. 5.16) by utilizing the LP allocation related to 
one of the spans affected by a failure, for instance the 
one affected by the first failure (AU-4#7). 
[0046] Thus, a stable state in the protected ring is ob- 
tained. 

[0047] As said above, the scenario of the actions tak- 
en by the various nodes is different in the case where 
the failures do not occur at the same time. In this con- 
nection, two different sub-scenarios should be distin- 
guished. With reference to Figs 1 to 3 and 6, the actions 
and the consequences related to the first sub-scenario 
are schematically listed below starting from a situation 
free of faults. 

[0048] The first failure (SF1) occurs. The node 6 
sends SF,7,6,L,ID from the W side. The node 7 sends 
SF,6,7,L,ID from the side E {Fig. 2). 
[0049] SF,7,6,L,ID and SF,6,7,L,ID reach the termina- 
tion nodes of paths (a) and {b). The termination nodes 
perform the BR&SW action for each path to be protected 
by utilizing the corresponding LP channels of the span 
affected by SF1. Path {a) is allocated on LP AU-4#7. 
Path (b) is allocated on LP AU-4#6 (Fig. 3). 
[0050] The nodes 6 and 7 adjacent to the failure SF1 
send respective signaling with BS code {SF,7,6,L,BS 
and SF,6,7,L,BS) and a stable scenario of ring protected 
against SF1 is obtained (Fig. 3). 
[0051] SF2 occurs on span 7-8: node 7 is isolated 
(Fig. 6. 1 ). Node 8 sends SF,7,8,L,ID from the side E {Fig. 
6.2). 

[0052] The BR&SW action (both the BR&SW and the 
pass-through at the intermediate nodes) performed for 
path {a) is removed {Figs. 6.3 and 6.4). The BR&SW 
action {both the BS&SW and the pass-through at the 
intermediate nodes) performed for path (b) is removed 
(Figs. 6.5 and 6.6). 

[0053] Node 6 receives the signaling SF,7,8,L,ID and 
sends SF,7,6,L,ID {Fig. 6.7). 

[0054] The node 8 receives from node 6 the signaling 
SF,7,6,L,ID and sends SF,7,8,L,BS {Fig. 6.8). 
[0055] Node 6 receives the signaling SF,7,8,L,BS and 
sends SF,7,6,L,BS (Fig. 6.9). 

[0056] Nodes 2 and 8 receive the signaling SF,7 f 8,L, 
BS and SF7,6,L,BS and perform the BR&SW action by 
utilizing for instance the LP channels with AU-4 corre- 
sponding to that of the first failed span (LP AU-4#7). The 
scenario becomes stable for the path {a) {Figs. 6. 10 and 
6.11). 

[0057] Nodes 4 and 9 receive the signaling SF,7,8,L, 
BS and SF,7,6,L,BS and perform the BR&SW action by 
utilizing for instance the LP channels with AU-4 corre- 
sponding to the one of the first failed span {LP AU-4#6). 
The scenario becomes stable for path (b) {Figs. 6.12, 
6.13). 

[0058] The squelching actions of the local termination 



EP 1 185 015 A2 



6 



11 



EP 1 185 015 A2 



12 



(if any) of the LP channel chosen for the protection ac- 
cording to one of the criteria already described and the 
subsequent pass-through of the same LP channel at the 
intermediate nodes come before the BR&SW actions 
just described and are performed with the rules already 5 
pointed out for the two previous scenarios. 
[0059] With reference to Figs. 1 to 3 and 7, the actions 
and the consequences related to the second sub-sce- 
nario of double failure at different times will now be sche- 
matically listed in the following, still starting from a fault- 10 
less situation. 

[0060] The first failure (SF1) occurs. Node 6 sends 
SF,7,6,L,ID from the W side. Node 7 sends SF,6,7,L,ID 
from the E side {Fig. 1 ). 

[0061] SF,7 ,6,L,ID and SF,6,7,L,ID reach the termina- 15 
tion nodes of the paths (a) and (b). The termination 
nodes perform the BR&SW action for each path to be 
protected by utilizing the corresponding LP channels of 
the span affected by SF1. The path (a) is allocated on 
LP AIM#7. The path (b) is allocated on LP AU-4#6 {Fig. 20 
2). 

[0062] The nodes 6 and 7 adjacent to failure SF1 re- 
ceive the signaling with ID code (SF,7,6,L,ID and SF, 
6,7, L, ID), send respective signaling with BS code (SF, 
7,6,L,BS and SF,6,7,L,BS) and a stable scenario of ring 25 
protected against SF1 is obtained (Fig. 3). 
[0063] SF2 occurs in span 7-8: node 7 is isolated (Fig. 
7. 1 ). Node 8 sends SF,7,8,L,ID fromthe Eside {Fig. 7.2). 
[0064] The node 8, as a node adjacent to the failure 
and as a termination node, evaluates whether the al- 30 
ready protected paths can still be protected. In the af- 
firmative, no action is taken; inthe negative, the BR&SW 
action is removed {Fig. 7.3). 

[0065] Node 9 receives the SF,7,8,L,ID request and 
evaluates whether the already protected paths can still 35 
be protected. In the affirmative, no action is taken; in the 
negative, the BR&SW action is removed (Fig. 7.4). 
[0066] Node 2 receives the SF,7,8,L,ID request and 
evaluates whether the already protected paths can still 
be protected. In the affirmative, no action is taken; in the 40 
negative, the BR&SW action is removed (Fig. 7.5). 
[0067] Node 4 receives the SF,7,8,L,ID request and 
evaluates whether the already protected paths can still 
be protected. If yes, no action is taken; if not, the 
BR&SW action is removed {Fig. 7.6). 45 
[0068] As soon as node 6 receives the SF,7,8,L,ID 
signaling, it updates its request by inserting the "Idle" 
status code, of the type SF,7,6,L,ID. After a further sig- 
naling exchange, the nodes adjacent to the failure up- 
date the respective signaling by inserting "BR&SW" so 
(BS) status code. 

[0069] At this point only signaling with BS code are 
traveling in the ring that is failured by SF1 and SF2 and 
therefore a stable scenario for paths (a) and (b) towards 
the failures SF1 and SF2 has been achieved. 55 
[0070] It will be recognized that the first sub-scenario 
results in a rather simple implementation since it is not 
necessary to store the failure "history" but, at the same 



time, traffic is not safeguarded in an optimal manner be- 
cause the BR&SW is always removed. On the contrary, 
the second sub-scenario safeguards the traffic in a bet- 
ter manner but it is more difficult to be implemented be- 
cause the traffic "history" shall be stored. 
[0071] Having analyzed in detail the single-failure and 
the double-failure situations {simultaneous, nearly si- 
multaneous or at different times), we will go on in de- 
scribing schematically the actions that each network 
node must perform {and the corresponding conse- 
quences) when the failures are cleared and the ring 
functionality is restored. 

[0072] Startfrom a stable situation of two failures SF1 , 
SF2: in this situation, node 7 is isolated (Fig. 8.1) and 
only signalings with BS code (SF,7,8,L,BS and SF,7,6,L, 
BS) are traveling inthe ring. Consider to clear first SF1: 
the node 7, no longer isolated, begins to send the APS 
signaling with "Idle" code related to the span affected by 
a failure (SF2) still present between the nodes 8 and 7 
(SF,8,7,L,ID) (Fig. 8.2). 

[0073] Since the LP allocation of the span 7-6 had 
been chosen, the BR&SW {and squelching of the any 
local termination of the LP channel utilized) action at 
node 4 must be removed. Similarly, as soon as also the 
SF,8,7,L, ID signaling reaches the other path termination 
nodes {2, 9, 8), the BR&SW and any local squelching 
action is removed also at such nodes 2, 9, 8 {Figs. 8.3 
to 8.5). The removal of "BR&SW" at the termination 
nodes is accompanied by the removal of the pass- 
through {and of any local squelching) from the interme- 
diate nodes that have performed the pass-through of the 
LP channel heretofore utilized for the protection. Since 
the signalings present at the intermediate nodes are re- 
lated to the same span affected by a failure, such nodes 
can perform, if required, the pass-through of the LP 
channels, related to the current failure, to be utilized for 
the path protection. 

[0074] The node 8, as a node adjacent to the failure 
SF2, receives SF,8,7,L,ID and changes the code of its 
signaling from SF,7,8,L,BS to SF,7,8,L,ID {Fig. 8.6). 
Such signaling with ID code gradually reaches all the 
termination nodes (9, 2, 4) showing them in this way that 
a single failure (SF2) is present. The termination nodes 
in turn will execute the BR&SW action {Figs. 8.8 to 8. 1 0) 
by utilizing the LP channels that correspond to the fail- 
ured span {for path (a) the LP AU-4#6 will be utilized, 
for path (b) the LP AU-4#7 will be utilized). 
[0075] The nodes {7, 8) adjacent to the failure still 
present (SF2) will send corresponding signaling with BS 
code (SF,8,7,L,BS and SF,7,8,L,BS) and a single-failure 
stable condition will be achieved {Figs. 8.11, 8.12). 
[0076] As soon as also SF2 is cleared, the ring will 
reach the faultless stable condition {Figs. 8.13, 8.14), 
with the progressive removal of the "Bridge" and 
"Switch" actions from all the path termination nodes and 
the consequent signalings with "No Request, Idle" code 
(NR,9,8,S,ID and NR,6,7,S,ID) by all the ring nodes, in- 
cluding nodes (7, 8) adjacent to the just cleared failure 
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(SF2). 

[0077] Start nowfrom a stable situation of two failures 
SF1 , SF2 {Fig. 9.1): in this situation node 7 is isolated 
and only signalings with BS code (SF,7,8,L,BS and SF, 
7,6,L,BS) are traveling in the ring. Consider to clear SF2 5 
first: node 7 {Fig 9.2), no longer isolated, begins to send 
the APS signaling with "Idle" code {SF,6,7,L,ID) related 
to the span affected by failure (SF1) still present be- 
tween nodes 6 and 7. 

[0078] Since just the LP allocation of the span 7-6 had 10 
been chosen, the BR&SW action at node 8 can be main- 
tained {Fig. 9.3). Similarly, the SF,6,7,L,ID signaling 
reaches the other path termination nodes (9, 2, 4) but 
the BR&SW action is maintained also at such nodes 9, 
2, 4 (Figs. 9.4 to 9.6). 15 
[0079] The same processing is carried out at interme- 
diate nodes that perform the pass-through of the LP 
channels used for the protection: the pass-through is 
maintained. 

[0080] Finally, also node 6 adjacent to the failure SF1 20 
receives SF,6,7,L,ID and will send the corresponding 
signaling with ID code {SF,7,6,L,ID), reaching a stable 
scenario with "BS" signalings all over the ring. 
[0081] As soon as also SF1 is cleared, the ring will 
reach the faultless stable condition, with the progressive 25 
removal of the "Bridge" and "Switch" actions from all the 
path termination nodes and the consequent signaling 
with "No Request, Idle" code {NR,5,6,S,ID and NR, 
8,7,5,10) issued by all the ring nodes, including nodes 
(6, 7) adjacent to the just cleared failure (SF2). See Figs. 30 
9.7 and 9.8. 

[0082] In view of the above detailed description, relat- 
ing to some cases of single or double failure, the person 
skilled in the art can easily devise the actions that every 
node must perform in the event of a failure on other 35 
spans and/or in the case where more than two failures 
occur. Naturally, the present invention is applicable to 
all these cases and its scope covers all these cases and 
is limited only by the following claims. 
[0083] As far as the practical realization is concerned, 40 
it will be understood that all the actions performed by 
every node or network element are the known Pass- 
Through, Bridge and Switch, squelching of any termina- 
tions of the Low-Priority channels involved in the protec- 
tion and transmission of signaling, substantially of 45 
known type, actions. Therefore, the implementation of 
the present method does not require to change the 
physical structure of the existing network elements used 
in ring networks protected against possible failures. Any 
modifications must be carried out at level of consequent so 
actions performed by the nodes affected by the protec- 
tion mechanism, according to signalings already provid- 
ed for and present in the standardized protocol and on 
the ground of ring map information, already provided for 
and processed, as well as traffic map that carries the 55 
allocation time-slot information, in every ring span of the 
single path that is installed. 

[0084] Finally it is pointed out that, although the 



present invention has been described in detail with ref- 
erence to SDH synchronous transmission, it applies, in 
similar manner, to other types of synchronous transmis- 
sion, typically SONET. The fact that this type of signals 
has not been taken into account in the description shall 
not be interpreted as a limitation but merely as an ex- 
ample and in order to render the description clear. 
Therefore, for the purposes of the present description 
and of the annexed claims, the terminology used for 
SDH transmissions will include at least the correspond- 
ing SONET terminology and shall be read in this per- 
spective. 



Claims 

1. Method of re-routing a path in a transoceanic MS 
shared protection ring network in the event of a fail- 
ure on a span of said path, said ring network com- 
prising network elements connected in a ring con- 
figuration by fiber spans, said fiber spans compris- 
ing high-priority (HP) channels and low-priority {LP) 
channels, said method comprising the step of per- 
forming a ring switch action by the MS shared pro- 
tection mechanism, characterized in that a time 
slot interchange mechanism (TSI) is provided in 
said ring network and in that said method compris- 
es the step of re-routing the path over the time slot 
of the low-priority (LP) channels corresponding to 
the time slot of the high-priority (HP) channels of the 
span affected by the failure. 

2. Method according to claim Unwhich afurtherspan 
of the path becomes affected by a failure, charac- 
terized by comprising the steps of: i) releasing the 
present re-routing that was performed because of 
the first failured span; ii) selecting one of the failured 
spans; and iii) re-routing the failured path over the 
time slot of the low-priority (LP) channels corre- 
sponding to the time slot of the high-priority {HP) 
channels of the failured span that has been select- 
ed. 

3. Method according to claim 1, inwhich afurtherspan 
becomes affected by a failure, characterized by 
comprising the step of maintaining the re-routing 
action, performed because of the first failured span, 
should the persistency of the re-routing information 
be supported by the network elements of the ring 
network. 

4. Method according to claim 2, characterized in that 

the step of selecting one of the failured spans com- 
prises the step of considering the two spans adja- 
cent to the switching nodes that are able to commu- 
nicate with the termination nodes of path to be pro- 
tected in the case where at least one further span 
of the path becomes affected by a failure. 
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5. Method according to any of claims 2 to 4, charac- 
terized in that the step of selecting one of the fail- 
ured spans comprises the step of selecting the fail- 
ured span adjacent to the switching node having 
higher or lower node identification ID. 

6. Method according to any of claims 2 to 4, charac- 
terized in that the step of selecting one of the fail- 
ured spans comprises the step of selecting the fail- 
ured span adjacent to the switching node that 
comes first or last in the network ring map. 

7. Method according to any of claims 2 to 4, charac- 
terized in that the step of selecting one of the f all- 
ured spans comprises the step of selecting the fail- 
ured span adjacent to the far west (W) or far east 
(E) switching node in the ring network. 

8. Network element of a transoceanic MS shared pro- 
tection ring network, said ring network comprising 
other network elements connected each other in a 
ring configuration by fiber spans, said fiber spans 
comprising high-priority (HP) channels and low-pri- 
ority (LP) channels, said network element compris- 
ing means for performing ring switch actions, name- 
ly pass-through, bridge or switch actions, upon re- 
ception of corresponding signalings and means for 
generating and sending proper signalings in re- 
sponse to reception of corresponding signalings, a 
path being installed in said ring network, character- 
ized in that a time slot interchange mechanism 
(TSI) is provided in said ring network and in that 
said network element comprises means for, in case 
of failure in a span of the installed path, re-routing 
the path over the time slot of the low priority (LP) 
channels corresponding to the time slot of the high 
priority (HP) channels of the failured span. 

9. Network element according to claim 8, in which a 
further span of the path becomes affected by a fail- 
ure, characterized by comprising: i) means for re- 
leasing the re-routing action performed because of 
the first failured span; ii) means for selecting one of 
the failured spans; and iii) means for re-routing the 
path over the time slot of the low priority (LP) chan- 
nels corresponding to the time slot of the high-pri- 
ority (HP) channels of the failured span which has 
been selected. 

10. Network element according to claim 8, in which a 
further span of the path becomes affected by a fail- 
ure, characterized by comprising means for main- 
taining the re-routing action, performed because of 
the first failured span, should the persistency of the 
re-routing information be supported by the network 
elements of the ring network. 

11. Network element according to claim 9, character- 



ized in that said means for selecting one of the fail- 
ured spans comprise means for considering the two 
spans adjacent to the switching nodes able to com- 
municate with the termination nodes of path to be 
5 protected in the case where at least one further 
span of the path becomes affected by a failure. 

12. Network element according to claim 9, said network 
element being a path termination node, character- 

10 ized by comprising means for performing a 
Bridge&Switch action upon reception of two signal- 
ings comprising corresponding bridge requests with 
Bridge&Switch status code (BS) related to different 
spans. 

15 

13. Network element according to claim 9, said network 
element being a path non-termination node, char- 
acterized by comprising means for performing a 
pass-through action upon reception of at least one 

20 signaling comprising a bridge request with a 
Bridge&Switch status code (BS) 

14. Networkelementaccordingtoclaim8or9,said net- 
work element being a path termination node, char- 

25 acterized by comprising means for performing a 
Bridge&Switch action upon reception of two signal- 
ings comprising corresponding bridge requests with 
Idle status code related to the same span. 

30 15. Network element according to claim 9, said network 
element being a path non-termination node, char- 
acterized by comprising means for performing a 
pass-through action upon reception of at least one 
signaling comprising a bridge request with Idle sta- 

35 tus code. 

16. Ring network comprising one or more network ele- 
ments according to any of claims 8 to 15. 
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(54) Multicarrier system with adaptive bit-wise interleaving 



(57) The present invention relates to a method for 
transmitting data streams of users via a transmission 
path in an OFDM system, whereby the data streams of 
respective users are transmitted in blocks, frequency 
hopping according to a predefined frequency hopping 
pattern forthe respective transmission is performed, the 
block size for each user and within a hopping pattern 
can vary, and consecutive bits of the data stream to be 
transmitted are bit-wise interleaved, so that consecutive 



bits are transmitted in non-adjacent time slots and/or 
subcarriers within a block according to a predefined in- 
terleaving pattern. Thereby, the respective interleaving 
pattern is made adaptive to the respective frequency 
hopping pattern and/or the respective block size. 

The present invention relates further to a transmit- 
ting station {1 )fortransmitting data streams of users and 
a receiving station (2) for receiving data streams of us- 
ers for carrying out this method. 
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Description 

[0001] The present invention relates to a method for 
transmitting data in an orthogonal frequency division 
multiplex system {OFDM System). The present inven- 5 
tion relates further to a transmitting station and a receiv- 
ing station for carrying out this method. 
[0002] The so-called orthogonal frequency division 
multiplex system {OFDM system) is widely used in 
broadcast systems like Digital Audio Broadcasting 10 
(DAB) and Digital Video Broadcasting {DVB) as e.g. de- 
scribed in EN 300 744 V1.2.1 of ETSI {European Tele- 
communication Standards Institute). This transmission 
system is also recommended for future wireless com- 
munication systems like BRAN (Broadband Radio Ac- 15 
cess Networks) and HIPERLAN (High Performance Ra- 
dio Local Area Networks) as described in ETSI TS 101 
475 V1.1.1 in order to provide high data rate services. 
Within these systems, the introduction of a bit-wise in- 
terleaver has increased the performance for high-level 20 
modulation schemes (e.g. 16QAM,64QAM, Quadrature 
Amplitude Modulation), which are required for data 
transmission at a high-transfer rate. 
[0003] A bit-wise interleaver interleaves consecutive 
and adjacent, respectively, bits of a data stream in a 25 
way, that adjacent bits of the data stream are transmitted 
in non-adjacent time slots and subcarriers, respectively. 
This has the advantage that associated transfer func- 
tions of respective consecutive bits {i.e. subcarrier and/ 
or time slot number) are uncorrelated. In other words, 30 
particularly negative properties like e.g. deep fading of 
a specific transfer channel, do not take effect on con- 
secutive bits, but rather only on single bits, e.g. of one 
transmitted symbol. 

[0004] In wireless multi-user OFDM systems like e.g. 35 
BDMA systems {Band Division Multiple Access), for 
each user a predefined or fixed number of subcarriers 
and time slots can be assigned based on the required 
data rate. This assignment can change pseudo-ran- 
domly across the time/frequency-grid of an OFDM 40 
transmission path. This assignment is defined as one 
hopping pattern for one user, where at any one time slot 
some predefined or fixed subcarriers are allocated. 
[0005] Figure 1 illustrates the transmission of data in 
an OFDM system with frequency hopping, whereby fig- 45 
ure 1 shows a hopping pattern {assignment) for one user 
in a wireless multi-user OFDM system. Thereby, the 
time axis is divided into time slots of a predefined length 
and the frequency axis is divided into subcarriers of a 
predefined bandwidth. so 
[0006] As seen in figure 1, the data transmission for 
one usertakes place in blocks, whereby each block has 
a length of a predefined number of time slots and a width 
of a predefined number of subcarriers. According to a 
hopping pattern, the {frequency) location, i.e. the fre- 55 
quencies occupied by a respective block within the 
transmitting path, of each block changes pseudo- ran- 
domly. 



[0007] As shown in figure 1, the transmission of one 
user can also take place in more than one block within 
one period of time slots. This is illustrated in figure 1 as 
a hatched and a massive block, whereby both blocks 
belong to the data transmission of one user. 
[0008] For each user, the respective corresponding 
hopping pattern can be repeated within any period of 
time, e.g. within oneframe, one superframe orany other 
predefined fixed time period. In order to reduce the con- 
trol burden, the hopping pattern for the respective user 
is assigned during a link initialisation and establishment 
phase and it does usually not change before the respec- 
tive link {i.e. data transmission of one user) is released. 
[0009] The block size, i.e. number of time slots and 
number of subcarriers, can be different for different us- 
ers, it can also change from block to block (and between 
the different hopping steps, respectively) within a hop- 
ping pattern. These parameters are dependent of the 
required data rate and the resource management of the 
transmitting station {base station). 
[0010] However, introducing a bit-wise interleaver in 
such an OFDM system, which performs frequency hop- 
ping as described in relation to figure 1, has the disad- 
vantage, that, particularly at a relative small block size, 
the associated channel transfer functions can not be 
kept uncorrelated, since the time slot and/or subcarrier 
distance between the consecutive bits can not been 
made large enough. 

[001 1] Thus, due to the limited number of subcarriers 
at one specific time slot and the limited block size, re- 
spectively, it is difficult to implement the bit-wise inter- 
leaver according to the prior art in an OFDM frequency 
hopping system. 

[0012] From WO 00/35102 an interleaving/de-inter- 
leaving device and a method for a communication sys- 
tem are known. A device for sequentially storing input 
bit symbols of a given interleaver size in a memory at 
an address and reading the stored bit symbols from the 
memory is provided. This known implementation meth- 
od for an interleaver can be used for example based on 
CDMA-2000 specification or for other IMT-2000 com- 
munication systems. However, it cannot find application 
for the design of interleaver patterns for multi-user 
OFDM hopping systems. 

[001 3] From US 6,1 25, 150 a transmission system us- 
ing code design fortransmission with periodic interleav- 
ing is known. Thereby an OFDM transmission system 
provides a high level of performance on a variety of fre- 
quency selective channels by using a code having the 
characteristics of maximum PPD and maximum PECL. 
The codes are designed to allow high SNR sub-chan- 
nels to carry their full potential of information which is 
then used to compensate for information lost on low 
SNR sub-channels. According to this known technology 
error control coding, modulation and interleaver are 
combined together to obtain better distance character- 
istics, where some subcarriers may carry more informa- 
tion and another sub-carriers may carry less information 
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depending on the channel transfer functions. 
[0014] It is therefore the object of the present inven- 
tion to provide a technique for transmitting data streams 
in an orthogonal frequency division multiplex system 
(OFDM system), whereby the performance of interleav- 5 
ing and therefore the performance of the transmission 
is improved. 

[0015] The above object is achieved by a method of 
transmitting data streams of users via a transmission 
path in a OFDM system according to claim 1 . 10 
[001 6] This object is further achieved by a transmitting 
station and a receiving station for carrying out this meth- 
od according to claims 7 and 8. 
[0017] The method for transmitting data streams of 
users via a transmission path in a OFDM system accord- 15 
ing to the present invention performs a data transmis- 
sion. The time axis of the transmission path is divided 
into time slots The frequency axis of the transmission 
path is divided into subcarriers. The resource of the 
transmission path is used by a plurality of users. The 20 
data streams of the respective users are transmitted in 
blocks with a block size of a predefined length of time 
slots and a predefined number of subcarriers. Frequen- 
cy hopping according to a predefined frequency hopping 
pattern for the respective transmission is performed. 25 
The frequency hopping pattern for a respective trans- 
mission can differ between different users and it also 
can differ between different times for the same user. 
[001 8] Further, the frequencies occupied by a respec- 
tive block within the transmission path vary according to 30 
the frequency hopping pattern. The block size for each 
user within a hopping pattern can also vary. Consecutive 
bits of the data stream to be transmitted can be bit-wise 
interleaved such that consecutive bits are transmitted in 
non-adjacent time slots and/or subcarriers according to 35 
a predefined interleaving pattern. 
[0019] According to the present invention, the respec- 
tive interleaving pattern is thereby made adaptive {and 
can be a function of) to the respective frequency hop- 
ping pattern and/or the respective block size. 40 
[0020] The transmitting station according to the 
present invention for transmitting data streams of users 
comprises an interleaving means for bit-wise interleav- 
ing consecutive bits of data streams according to a pre- 
defined interleaving pattern, whereby the interleaving 45 
means uses an interleaving pattern, which is made 
adaptive to the respective frequency hopping pattern 
and/or the respective block size. 
[0021] The receiving station for receiving data 
streams of users, which are transmitted according to the so 
above-mentioned method according to the present in- 
vention comprises an deinterleaving means for deinter- 
leaving the received data streams into the original bit 
sequence according to a predefined interleaving pat- 
tern, whereby the deinterleaving means uses an inter- 55 
leaving pattern, which is made adaptive to the respec- 
tive frequency hopping pattern and/or the respective 
block size. 



[0022] The present invention has the advantage that 
the performance of high level modulation schemes, like 
16QAM, 64QAM or higher, can be improved, since the 
bit-wise interleaving is made adaptive to the respective 
data transmission, i.e. the respective hopping pattern 
and/or block size of the respective transmission. Para- 
sitic characteristics of respective channels are mini- 
mised, since e.g. deep fading ideally take only effect on 
single bits e.g. of one transmitted symbol. 
[0023] Thereby, consecutive bits are transmitted with- 
in the same block, when the transmitted blocks are large 
enough, that means, when a block size allows to trans- 
mit consecutive bits in the same block so that the asso- 
ciated channel transfer functions keep uncorrected. 
[0024] Consecutive bits can also be transmitted in dif- 
ferent blocks according to the interleaving pattern. Ad- 
vantageously, consecutive bits are transmitted in differ- 
ent blocks, when the block size is very small, so that the 
associated channel transfer functions for consecutive 
bits can be kept uncorrelated. 

[0025] Further advantageously, the interleaving pat- 
tern is made adaptive to the number of time slots of the 
respective block and/or the interleaving pattern is made 
adaptive to the number of subcarriers of the respective 
block. 

[0026] In the following description a preferred embod- 
iment of the present invention is explained in more detail 
in relation to the enclosed drawings, in which 

Figure 1 shows an example of data transmission in 
an OFDM system with frequency hopping, 

Figure 2 shows a block diagram of a wireless OFDM 
system according to the present invention, 

Figure 3 shows a diagram of 16QAM and 64QAM 
mappings and the corresponding bit pattern, 

Figure 4 shows one example of the mapping of one 
symbol into the time-frequency grid of OFDM, and 

Figure 5 shows another example of the mapping of 
one symbol into the time-frequency grid of OFDM. 

[0027] Figure 2 shows a schematic diagram of a wire- 
less OFDM system according to the present invention, 
whereby a block diagram of a transmitting station 1 and 
a block diagram of a receiving station 2 are depicted. 
[0028] The transmitting station 1 according to the 
present invention comprises a source codec 11 for cod- 
ing the signals which have to be transmitted (e.g. audio 
or video signal) into a data stream of a digital signal, and 
a channel encoder 12 for encoding a data stream e.g. 
into a frame structure, adding redundancy bits, etc. 
[0029] Then, the data stream is adaptively bit-wise in- 
terleaved by the interleaver 13 according to the present 
invention. The pattern for bit-wise interleaving the data 
stream is thereby made adaptive to predefined param- 
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eters of the respective transmission like frequency hop- 
ping pattern and block size. In other words, the pattern 
is a function of said parameters. The adaptive interleav- 
ing according to the present invention is described later 
in more detail with reference to Figs. 4 and 5. 5 
[0030] After interleaving the data stream is modulated 
into symbols, e.g. according to the known l/Q modula- 
tion {In-phase/Quadrature modulation), by an l/Q mod- 
ulator 14 and map into a time/frequency-grid by an 
OFDM mapper 16. Optionally, the data stream can be 
symbol-wise interleaved by a symbol interleaver 15 as 
known from the prior art in order to further improve the 
transmission performance. 

[0031] The OFDM mapper 16 maps the modulated 
data stream into the time/frequency-grid according to 
the OFDM transmission system. Further, the OFDM 
mapper 16 determines the block size and the used fre- 
quency hopping pattern, both dependent e.g. upon a 
given users data rate and resource management in the 
transmitting station 1. 

[0032] Then, the mapped data stream is than ampli- 
fied by a power amplifier 17 and transmitted via a radio 
tower 3 over an air-interface to one or plurality of receiv- 
ing stations. 

[0033] The receiving and demodulating of data by the 
receiving station 2 is carried out in the inverse se- 
quence. 

[0034] Thereby, the signal transmitted by the radio 
tower 3 is received by an antenna comprising a low 
noise amplifier 21 (LNA). The received signal {compris- 
ing the data stream) is analogue/digital converted by an 
AID converter 22. 

[0035] Complementary to the OFDM mapper 1 6 of the 
transmitting station 1, the received signal is demapped 
by an OFDM demapper 23. The signal is thereby dem- 
apped according to the same pattern for mapping the 
data stream by the OFDM mapper 16 in order to recon- 
struct the original data stream. 

[0036] If the signal is symbol-wise interleaved by the 
transmitting station 1, the signal has to be symbol-wise 
deinterleaved by a symbol deinterleaver 24. 
[0037] After l/Q demodulation of the demapped data 
stream by the l/Q demodulator 25, the data stream is 
bit-wise deinterleaved by the deinterleaver 26. Thereby, 
the pattern for deinterleaving the data stream is made 
adaptive to the hopping pattern for mapping/demapping 
the signal; the pattern for bit-wise deinterleaving is sim- 
ilar to the interleaving pattern used by the transmitter 1 
in order to get the original data stream. 
[0038] Channel decoding and source decoding is per- 
formed by a channel decoder27 and source decoder 28 
similar to the source coding and channel coding of the 
transmitting station 1. 

[0039] Figure 3 shows the principles of QAM (Quad- 
rature Amplitude Modulation) based on the example of 
16QAM and64QAM. 

[0040] For QAM the information is transmitted with an 
in-phase and a quadrature component Q. Thus, the car- 



rier comprises respective to the information, which are 
transmitted, an in-phase (I) and an quadrature (Q) com- 
ponent. Thereby, dependent on the modulation scheme 
(e.g. 16QAM or 64QAM), one transmitted symbol car- 
ries 4 bits at 16QAM {respectively 2 bits for I- and Q- 
channel) and 6 bit at 64QAM (respectively 3 bits for I- 
and Q-channel) pursuant to the scheme as shown in the 
respective coordinate system of 16QAM and 64QAM; 
the bit order is termed by 11, Q1, 12, Q2 and 11, Q1, 12, 
Q2, 13, Q3, respectively. 

[0041] Thereby, the high priority bits are 11 and Q1. 
For 16QAM, the low priority bits are 12 and Q2, for 
64QAM, the low priority bits are 13 and Q3. At the ex- 
ample of 64QAM (encircled symbol 000011) it is illus- 
trated, that the high priority bits are less susceptible 
against interferences than the low priority bits. If, e.g., 
this symbol is interfered, it could be decoded wrongly as 
an adjacent symbol, e.g. as 000010, 000111, 001011 or 
000001. It is seen, that the high priority bits are always 
the same, namely 00. Thus, the high priority bis are 
more protected against interferences than the low prior- 
ity bits. 

[0042] Figure 4 shows one example of a pattern for 
mapping a data stream into a time/frequency-grid by the 
OFDM mapper 16 shown in figure 2. 
[0043] In this example, the hopping pattern for one us- 
er is shown. Thereby, each use is assigned two blocks 
(shown as hatched and solid blocks). Since the respec- 
tive blocks are very small, i.e. low number of subcarriers 
in this example, consecutive bits of one symbol, e.g. 11 , 
Q1, 12, Q2 are transmitted in different blocks, inter- 
leaved according to a bit-wise interleaving pattern A. 
[0044] Figure 5 shows a different hopping pattern for 
mapping a data stream into the time/frequency-grid. 
[0045] Thereby, the block size differs between the sin- 
gle hopping steps. E.g. in the first block and the third 
block are transmitted two consecutive bits {respectively 
11, Q1 and 12, Q2), since the block size is large enough. 
Inthiscase, bit-wisethe interleaving happens according 
to an interleaving pattern B. 

[0046] Thus, the design rule of a bit-wise interleaver 
13 as shown in figure 1 is as follows: 

Adjacent coded bits from channel encoder are 
mapped onto non-adjacent subcarriers or non-ad- 
jacent time slots. The frequency separation (dis- 
tance) of the chosen subcarriers or the time sepa- 
ration of the chosen time slot has to be far enough 
in order to keep the associated channel transfer 
functions uncorrelated. 

Adjacent coded bits from channel encoder are 
mapped alternatively on high or low priority bits. By 
this way, long runs of low reliability bits are avoided. 

The coded bits are placed at all available subcarri- 
ers and time slots on OFDM time/frequency-grid 
within the depth, i.e. the time/frequency/block dis- 
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tance between consecutive bits, of the interleaver 
are used. 

The bit-wise interleaver pattern is made adaptive to 
the hopping pattern in order to achieve better sys- 
tem performance. 

[0047] The present invention has the advantage, that 
the performance of high level modulation schemes, like 
16QAM, 64QAM or higher, can be improved, since the 
bit-wise interleaving is made adaptive to the respective 
data transmission, i.e. the respective hopping pattern 
and/or block size of the respective transmission. Para- 
sitic characteristics of respective channels are mini- 
mised, since e.g. deep fading ideally take only effect on 
single bits e.g. of one transmitted symbol. 
[0048] According to invention therefore a new design 
rule is proposed for a bit-wise interleaver for multi-user 
OFDM hopping systems. Instead of placing data bits be- 
longing to one l/Q symbol or adjacent symbols on dif- 
ferent sub-carriers at the same timeslot, data bits be- 
longing to one l/Q symbol or adjacent symbols can be 
placed at different timeslots or at different blocks within 
the bit-wise interleaver. 

[0049] Furthermore, in multi-user OFDM hopping sys- 
tems, where each user can be assigned different hop- 
ping patterns (depending upon a given user's data rate 
and resource management in the base station) at differ- 
ent times, it is proposed that the practical bit-wise inter- 
leaver pattern to be used for each user is variable and 
depends upon its assigned hopping pattern. In this way 
the optimal performance can be obtained. 
[0050] Each sub-carrierthereby carries the same size 
of information. By using a bit-wise interleaver, the bits 
belonging to one symbol are interleaved. Therefore, the 
good performance can be achieved for error control cod- 
ing. Therefore, the use of a bit-wise interleaver can be 
enabled for multi-user OFDM hopping systems. 

Claims 

1 . Method for transmitting data streams of users via a 
transmission path in an OFDM system, whereby 
the time axis of the transmission path is divided into 
time slots, 

the frequency axis of the transmission path is divid- 
ed into subcarriers, 

the transmission path is used by a plurality of users, 
the data streams of the respective users are trans- 
mitted in blocks with a block size of a predefined 
length of time slots and a predefined number of sub- 
carriers, 

frequency hopping according to a predefined fre- 
quency hopping pattern forthe respective transmis- 
sion is performed, whereby the frequency hopping 
pattern for respective transmission can differ be- 
tween different users and differ between different 



times for the same user, 

the frequencies occupied by a respective block 
within the transmission path vary according to the 
frequency hopping pattern, 
5 the block size for each user and within a hopping 
pattern can vary, and 

consecutive bits of the data stream to be transmit- 
ted are bit-wise interleaved, so that consecutive bits 
are transmitted in non-adjacent time slots and/or 
10 subcarriers according to a predefined interleaving 
pattern, 

characterised in 

that the respective interleaving pattern is made 
adaptive to the respective frequency hopping pat- 
15 tern and/or the respective block size. 

2. Method according to claim 1, 
characterised in 

that consecutive bits are transmitted within the 
20 same block, in case the block size is large. 

3. Method according to claim 1, 
characterised in 

that consecutive bits are transmitted in different 
25 blocks according to the interleaving pattern. 

4. Method according to claim 3, 
characterised in 

that consecutive bits are transmitted in different 
30 blocks, in case the block size is small. 

5. Method according to one of the claims 1 to 4, 
characterised in 

thatthe interleaving pattern is made adaptive to the 
35 number of time slots of the respective block. 

6. Method according to one of the claims 1 to 5, 
characterised in 

that interleaving pattern is made adaptive to the 
40 number of subcarriers of the respective block. 

7. Transmitting station (1) for transmitting data 
streams of users by using a method according to 
anyone of the claims 1 to 6, 

45 characterised by 

an interleaving means (13) for bit-wise interleaving 
consecutive bits of data streams according to a pre- 
defined interleaving pattern, whereby the interleav- 
ing means (13) uses an interleaving pattern, which 
50 is made adaptive to the respective frequency hop- 
ping pattern and/or the respective block size. 

8. Receiving station (2) for receiving data streams of 
users, which are transmitted using a method for 

55 transmitting data streams according to anyone of 
the claims 1 to 6, 
characterised by 

an deinterleaving means for deinterleaving the re- 



10 



50 



5 
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ceived data streams into the original bit sequence 
according to a predefined interleaving pattern, 
whereby the deinterleaving means uses an inter- 
leaving pattern, which is made adaptive to the re- 
spective frequency hopping pattern and/or the re- 5 
spective block size. 
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Description 
Technical field 

5 [0001] The present invention relates to a transmitting diversity communications apparatus. 
Background Art 

[0002] Transmitting diversity in W-CDMA, which is the third-generation mobile communications system, adopts a 

10 method using two transmitting antennas. 

[0003] Fig. 1 shows an example configuration of a transmitting diversity system using two transmitting antennas. 
[0004] Mutually orthogonal pilot patterns P 1 and P 2 are transmitted from two transmitting antennas 1 and 2, respec- 
tively, as pilot signals, and channel impulse response vectors h 1 and h 2 from each antenna of a base station up to the 
receiving antenna of a mobile station are estimated by correlating each known pilot pattern to an incoming pilot on the 

*5 receiving side of the mobile station. 

[0005] A control amount calculation unit 10 calculates and quantizes the amplitude/phase control vector (weight 
vector) w=[w., , w 2 ] of each transmitting antenna of the base station that maximizes power P expressed by the following 
equation (1) using these channel estimation values. Then, a multiplex unit 11 multiplexes the quantized weight vectors 
with an uplink channel signal as feedback information and transmits the signal to the base station. However, since 

20 there is no need to transmit both values w 1 and w 2 , it is acceptable to transmit only value w 2 obtained by assigning w^1 . 

P = w^H H Hw (1) 
H = [h r h 2 ] (2) 



[0006] In equation (2), fr, and h 2 are the channel impulse response vectors from the transmitting antennas 1 and 2, 
respectively, and the superscript H on H H and w H indicates the Hermitian conjugation of H and w, respectively. If an 
impulse response length is assumed to be L, the channel impulse response vector is expressed as follows. 



hi = [hii.h i2 '-' h iL ] 



(3) 



35 



[0007] Therefore, in the case of two transmitting antennas, equation (1 ) is calculated based on the following algebraic 
calculation. 



40 



K h 2l 



, w - [w, , w 2 f .therefore Hw = 



45 



[0008] At the time of handover, weight vectorwthat maximizes the following equation is calculated instead of equation 
d). 



50 



P = w^(H H 1 H 1 +H H 2 H 2 + ...)w 



(4) 



55 



[0009] In equation (4), H k is a channel impulse response signal from the k-th base station. 
[0010] Then, the feedback information extraction unit 12 on the transmitting side extracts w 2 {in this case, w^1 is 
assumed) transmitted from a mobile station, from an incoming signal and an amplitude/phase control unit 13 multiplies 
a data signal to be transmitted from the transmitting antenna 2 by W 2 . In this way, the degradation of both the amplitude 
and phase of signals received from the transmitting antennas 1 and 2 that are received on the receiving side are 
corrected in advance and are transmitted from the transmitting side. 
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[001 1] In W-CDMA, two methods are stipulated: mode 1 for quantizing weight coefficient w 2 into one bit and mode 
2 for quantizing w 2 into four bits. In mode 1 , since control is exercised by transmitting one bit of feedback information 
for each slot, control speed is high. However, since quantization is rough, accurate control is impossible. In mode 2, 
since control is exercised by transmitting four bits of information, more accurate control is possible. However, in mode 
5 2, since only one bit can be transmitted for each slot and feedback information of one word is transmitted for every 
four slots, control cannot track fading in the case of a high fading frequency, and amplitude/phase characteristics 
degrade. As described above, if the signal transfer rate of an uplink channel from a mobile station to a transmitting 
station, for transmitting feedback information is restricted, control accuracy and fading track speed have an inverse 
relationship. 

10 [0012] The Release-99 specification of W-CDMA standard does not take into consideration a case where more than 
two transmitting antennas are used so as to avoid the degradation of uplink channel transmission efficiency due to 
feedback information transmission. However, if the increase of feedback information or the degradation of update 
speed is allowed, the number of antennas can also be increased to three or more. In particular, currently a case where 
four transmitting antennas are used is being extensively researched and developed. 

15 [001 3] If a closed-loop transmitting diversity system is applied to the radio base station of a cellular mobile commu- 
nications system, a signal from each transmitting antenna independently suffers from fading, and ideally the same 
phase combination is performed at the antenna position of the mobile station. Therefore, a diversity gain corresponding 
to the number of transmitting antennas can be obtained and the gain can also be improved by the combination. Ac- 
cordingly, the receiving characteristic is improved and the number of users accommodated in one cell can also be 

20 increased. "Ideally" means a case where there is neither transmission error of feedback information, control delay, 
channel response estimation error nor quantization error of a control amount. In reality, the characteristic degrades 
due to these factors compared with that of the ideal case. 

[0014] In order to obtain a diversity gain corresponding to the number of antennas, antenna spacings {the distances 
between antennas) must be wide so that fading correlation may become sufficiently low. Generally, in order to suppress 

25 fading correlation to a sufficiently low level in the radio base station of a cellular mobile communications system, antenna 
spacings must be approximately 20 wavelengths. Since one wavelength is approximately 15cm in a 2GHz band, an- 
tennas must be installed approximately 3 meters apart. Therefore, if the number of transmitting antennas increases, 
an area needed to install antennas becomes wide and it becomes difficult to install antennas on the roof of a building 
and the like, which is a problem. Diversity gain is saturated as the number of transmitting antennas increases. Therefore, 

30 when the number of transmitting antennas reaches a specific value, the diversity gain cannot be improved any further 
even if the number of transmitting antennas is further increased. 

[0015] When the number of transmitting antennas is increased, an amount of information to be fed back increases 
since feedback information must be transmitted to each antenna. Therefore, in that case, the transmission efficiency 
of an uplink channel degrades due to feedback information transmission or the control of transmitting diversity cannot 
35 track high-speed fading. As a result, the characteristic degrades, which is another problem. 

Disclosure of Invention 

[0016] An object of the present invention is to provide a transmitting diversity communications apparatus for sup- 
40 pressing the increase of uplink feedback information if the number of transmitting antennas is increased, suppressing 
the degradation of a characteristic in the case of a high fading frequency and requiring a small antenna installation 
space in the base-station. 

[001 7] The transmitting diversity communications apparatus of the present invention includes a transmitting diversity 
base station for controlling transmitting signals, according to information from a mobile station. The transmitting diversity 

45 communications apparatus comprises an antenna unit composed of a plurality of antenna groups, each consisting of 
a plurality of antennas, located close to each other so that the fading correlation between the antennas in the same 
group is high and groups are located apart from one another so that the fading correlation between the groups is low, 
and a control unit receiving both the first control information about intra-group antenna control with a low transfer rate 
that is transmitted from a mobile station and the second control information about inter-group antenna control and 

so controlling the phase of a signal transmitted by the antenna unit. 

[0018] According to the present invention, if signal control is applied to a closed-loop transmitting diversity system 
by the same method as in the conventional case where two transmitting antennas are used, by increasing the number 
of transmitting antennas, the tracking of fading fluctuations and transmitting-signal control performance can be pre- 
vented from degrading due to the increase of an amount of information to be transmitted from a mobile station to a 

55 base station. 

[0019] In particular, according to the present invention, since the antenna unit of a base station is composed of a 
plurality of antenna groups each consisting of a plurality of antennas, and each intra-group antenna and each antenna 
group is set so that fading correlation is high within a group and so that fading correlation is low between groups, 
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respectively, only transmitting-signal control information between groups must be transmitted at a high speed from a 
mobile station to a base station and transmitting-signal control information within a group can be relatively slow. There- 
fore, transmitting diversity performance can be improved by effectively utilizing the limited transfer rate of an upward 
line from a mobile station to the base station. 

5 

Brief Description of Drawings 
[0020] 

10 Fig. 1 shows an example configuration of a transmitting diversity system using two transmitting antennas. 

Fig. 2 shows the system configuration of the present invention. 

Fig. 3 shows an example configuration of transmitting antennas of a base station according to the preferred em- 
bodiment of the present invention. 

Fig. 4 shows the configuration of one preferred embodiment of the present invention. 
15 Fig. 5 shows an example of a downlink pilot signal pattern in the preferred embodiment. 

Fig. 6 shows both an example configuration of a base station transmitting antennas and antenna control information 
according to the preferred embodiment. 

Fig. 7 shows an envelope correlation coefficient obtained when the angle dispersion A4> of an input signal observed 

at a base station in a macro-cell environment is approximately 3. 
20 Fig. 8 shows an example of the transmission format of feedback information in the preferred embodiment (No. 1) . 

Fig. 9 shows an example of the transmission format of feedback information in the preferred embodiment (No. 2). 

Fig. 10 shows an example of the transmission format of feedback information inthe preferred embodiment (No. 3). 

Fig. 11 shows an example of the transmission format of feedback information inthe preferred embodiment (No. 4). 

Fig. 12 shows an example configuration of a mobile station for transmitting feedback information to a base station 
25 according to the formats shown in Figs. 8 through 11 . 

Fig. 13 shows an example configuration of a base station in the second preferred embodiment of the present 

invention. 

Fig. 14 shows an antenna phase difference control method within a group in the second preferred embodiment. 
Fig. 15 shows the configuration of the third preferred embodiment of the present invention. 

30 

Best Mode for Carrying Out the Invention 

[0021] The present invention relates to a closed-loop transmitting diversity method according to which the radio base 
station of a cellular mobile communications system is provided with a plurality of antennaslements, both different am- 
35 plitude and phase control are exercised over the same transmitting data, according to feedback information from a 
mobile station and a plurality of pieces of data are transmitted using different antennas. On the mobile station side, 
the amplitude/phase control amounts are determined using a downward pilot signal; feedback information indicating 
the amplitude/phase control amounts are multiplexed with an uplink channel signal; and the data is transmitted to the 
base station. 

40 [0022] Fig. 2 shows the system configuration of the present invention. 

[0023] The pilot signal generation unit 20 of a base station generates N mutually orthogonal pilot signals P^t), P 2 
(t), P N (t) and the pilot signals are transmitted using different antennas. N is the number of transmitting antennas. 
The following relationship is established between these pilot signals. 

JP i (t)P j {t)dt = 0 (Uj) 

[0024] Each pilot signal suffers from both amplitude and phase fluctuations due to fading, and a signal obtained by 
combining these pilot signals is transmitted to the receiving antenna 22 of a mobile station. The receiver of the mobile 
so station estimates the channel impulse response vectors h 1? h 2 , .... h N of each pilot signal by calculating the correlation 
between the incoming pilot signal and each of P^t), P 2 {t), .... P N (t). 

[0025] A control amount calculation unit 23 calculates and quantizes the amplitude/phase control vector (weight 
vector) w=[w 1r w 2 , .... w N ] T of each transmitting antenna of the base station that maximizes power P expressed by 
equation {5)(the same as equation (1 )) using these channel impulse response vectors. A multiplex unit 24 multiplexes 
55 the quantized vector with an upward channel signal as feedback information and transmits the signal to the base station 
side. However, in this case it is acceptable to transmit values w 2 , w 3 , w N obtained by assigning w,,=1. 
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P = w H H H Hw 



(5) 



H = [h r h 2 ,.., h N ] 



(6) 



[0026] In equation (6), h 1 is a channel impulse response vector from transmitting antenna i. If an impulse response 
length is assumed to be L, h,, is expressed as follows. 



[0027] At the time of hand-over, weight vector wthat maximizes the following equation is calculated instead of equa- 
tion {5). 



[0028] In equation (8), H k is a channel impulse response signal from the k-th base station, and is the same as H k in 
equation (4). 

[0029] The multiplex unit 24 of the mobile station multiplexes the weight vector obtained in this way with an upward 
transmitting data signal and the vector is transmitted to the receiving antenna of the base station. In the base station, 
a feedback information extraction unit 25 extracts the feedback information received by a receiving antenna, and an 
amplitude/phase control unit 26 controls both the amplitude and phase transmitted from each transmitting antenna 
using a weight vector included in the feedback information. When the base station transmits a signal, both the amplitude 
and phase of which have been controlled from a transmitting antenna 21, the mobile station receives the signal as if 
the fluctuations due to just fading of both the amplitude and phase were compensated for. Therefore, optimal reception 
is possible. Since fading changes as time elapses, both the generation and transmission of feed back information must 
happen in real time. However, since both the transmission format and transfer rate of an uplink data signal from a 
mobile station to a base station is predetermined, it takes too much time to transmit a lot of information. Therefore, the 
control cannot track the fading fluctuations. In order to track the fading fluctuations, the transmission rate of feedback 
information must be high. However, since the transmission rate of an uplink control channel is limited, if a plurality of 
pieces of new information are sequentially transmitted in a short cycle in order to control transmitting diversity at a high 
speed, an amount of information included in one time transmission becomes small {quantization becomes rough), and 
highly accurate control becomes impossible. 

[0030] In the preferred embodiment of the present invention, each coefficient value in a weight vector is calculated 
and fed back in a different cycle instead of calculating and feeding back a signal transmitted from each antenna in the 
same cycle. 

[0031] The details are described below. 

[0032] Fig. 3 shows an example configuration of the transmitting antennas of a base station according to the preferred 
embodiment of the present invention. 

[0033] As shown in Fig. 3, in a base station, transmitting antennas compose a plurality of groups, each consisting 
of a plurality of antennas. Transmitting antennas in the same group are located close to one another so that the fading 
correlation between the antennas is high and groups are installed apart from one another so that the fading correlation 
between the groups is low. Fading correlation is a numeric value indicating how similarly two signals transmitted from 
different antennas fade when the signals are received on a receiving side. Doppler effect and the like cause fading by 
reflection on buildings and mobile objects. Therefore, if a plurality of antennas transmitting signals are located close 
to one another, it follows that a mobile station receives the respective signals through similar routes. Accordingly, the 
signals suffer from similar fading. In such a case, it is said that the fading correlation between the signals is high. If a 
plurality of antenna transmitting signals are located apart from one another, it follows that the respective signals take 
different routes to a mobile station receives the signals. Therefore, the signals fade differently and then are received 
by the mobile station. In such a case, it is said that the fading correlation between the signals is low. 
[0034] In a mobile station, an antenna control amount between groups is calculated in a shorter cycle than that of 
the antenna control amount within a group, and is transmitted to a base station side as feedback information. Signals 
from base-station transmitting antennas in the same group have a high fading correlation; the signals suffer from almost 
the same fading, but the signals each have a phase difference depending on the angle at which the signals reach the 
receiving antenna of the mobile station. Therefore, each channel response estimation value estimated using the signals 



!?1 =[h i1 ,h i2 ,..., h iL ] T 



(7) 



P = w\h"h 1 +H2H 2 + ...)w 



(8) 



EP 1 315 311 A1 



from the plurality of base-station transmitting antennas in the same group has a phase difference that depends on the 
angle of the mobile station against the base station. Although these values change as the mobile station travels, the 
values change slowly compared with fading fluctuations. One antenna in each group is designated as a reference 
antenna, and each of the control amounts of antennas other than the reference antenna in the relevant group is nor- 
5 malized by the control amount of this reference antenna (each relative value calculated using the control amount of 
this reference antenna as a reference is used). This normalized antenna control amount in the group changes slowly 
as the mobile station travels. Therefore, the control cycle can be made relatively long. 

[0035] However, since respective signals from base-station transmitting antennas belonging to different groups have 
a low fading correlation, the signals fade differently and independently by the time they reach the receiving antenna 

10 of the mobile station. Therefore, respective channel response estimation values (channel impulse response vector) 
estimated using respective signals from respective reference values belonging to different groups change quickly due 
to respective independent fading fluctuations. An antenna control amount obtained by normalizing the reference an- 
tenna control amount of one specific group by the reference antenna control amount of another group is defined as an 
inter-group antenna control amount. Since each inter-group antenna control amount changes quickly due to each 

15 independent fading fluctuation, in order to accurately control antennas, the control must be exercised in a short cycle. 
[0036] The mobile station must recognize which signal comes from which group. However, it is sufficient to relate 
each antenna to each pilot signal transmitted from the antenna in advance. Since pilots are mutually orthogonal to one 
another, a receiving side can accurately recognize from which antenna the signal is transmitted by checking the pilot 
signal. 

20 [0037] Both the inter-group antenna control amount F 1 m and intra-group antenna control amount G mk shown in Fig. 
3 are calculated as follows. In the description given above, N, M and K=N/M are the total number of antennas, the 
number of antenna groups and the number of antennas in each group, respectively. * represents complex conjugation. 

Overall reference antenna: Antenna #1 
25 Intra-group reference antenna: Antenna # { {m-1 ) K+1 ) (m-1, M) 

^ m = V ^ 1 (m = 1 M) (9) 

30 

G mk = W(m " 1)K+k+1 {m = 1,...,M,k= 1....K) (10) 

W (rn-1)K+1 

35 [0038] Since fading correlation is high within a group, |G m k | = 1 can be assigned. Specifically, it can be considered 
that the change due to fading is small within a group, and it is sufficient to take into consideration only change in phase. 
In order to keep total transmission power constant (=1.0), F 1 m must be normalized as follows. 




[0039] Next, the fluctuation rate of fading is described. 

[0040] Fading fluctuation rate is expressed by Doppler frequency. 

50 v 

[0041] In the equation described above, v is the travel speed of a mobile station and X is the carrier wavelength. For 
example, if a carrier frequency is 2GHz and the travel speed of a mobile station is 60km/h, f d becomes approximately 
55 111 Hz. However, the angle of arrival of an incoming wave changes as the mobile station travels. For example, if the 
mobile station travels at a speed of 200km/h at a place 200 meters ahead, the input angle changes by approximately 
15 degrees per second. In this way, the fading fluctuation rate is higher by several tens of times to several hundreds 
of times than the fluctuation rate of an input angle. According to W-CDMA standards, a slot length is 666.7ns and the 
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update speed of feedback information is 1500Hz. Therefore, if information about fading is not updated for each slot, 
a track characteristic degrades. However, there is no need to feedback information about input angle for each slot. For 
example, there will be no problem if information is updated for every 15 slots {=one frame) . 

[0042] By utilizing the difference in the fluctuation rates of the control information described above, a feedbackamount 
5 of information can be reduced without performance degradation. Specifically, an inter-group antenna control amount 
changing at a high speed is updated and fed back in a short cycle, while each intra-group antenna control amount 
changing slowly compared with the inter-group antenna control amount is updated and fed back in a longer cycle. In 
other words, since the change of inter-group diversity control with a low fading correlation is faster than that of the data 
speed of feedback information, the frequency of updates is made large. However, since the change of intra-group 
10 diversity control with a high fading correlation is slower than that of the data speed of feedback information, the fre- 
quency of updates is made small. 

[0043] Since each intra-group antenna control amount has been related tothe angle of the mobile station with respect 
to the base station, in a macro-cell system with a relatively large cell radius, the deviation of an input angle becomes 
negligibly small. Therefore, a specific intra-group antenna control amount can also be used as the intra-group antenna 
15 control amount of another group. Specifically, transmitting only the intra-group control information of one specific group 
and controlling the antennas in the other group using this information can further reduce an amount of feedback infor- 
mation. 

[0044] Fig. 4 shows the configuration of one preferred embodiment of the present invention. 
[0045] A case where the number of antennas N=4 and the number of antenna groups M=2 is described. Apilot signal 
20 generation unit 30 generates N=4 pilot signals P^t), P 2 {t), P 3 {t) and P 4 (t), and each of the signals is transmitted from 
one of transmitting antennas 31. These pilot signals use mutually orthogonal bit sequences. 

[0046] Each transmitting antenna 31 transmits the pilot signal to a mobile station. In the mobile station, a receiving 
antenna 32 receives the four pilot signals transmitted from each of four transmitting antennas, and a control amount 
calculation unit 33 estimates the channel of signals transmitted from each transmitting antenna 31 using the respective 

25 pilot signal. As a result, the channel impulse response vector is obtained from each signal and a weight vector that 
maximizes equation (5) is calculated. Since a method for calculating this weight vector is already publicly known, the 
description is omitted. When the weight vector is calculated, the control amount calculation unit 33 transfers the vector 
to a multiplex unit 34 as feedback information. The multiplex unit 34 multiplexes the feedback information with an 
upward data signal and transmits the information from a transmitting antenna 35. In a base station, a receiving antenna 

30 36 receives the signal from the mobile station, and a feedback information extraction unit 37 extracts the feedback 
information from the signal. The extracted feedback information is inputted to an amplitude/phase control unit 38, each 
weight coefficient W 1t W 2 and w 3 included in the feedback information is multiplied to the respective downward trans- 
mitting data signal of each corresponding antenna, and the transmitting antennas31 transmit the downward transmitting 
data signals. In this way, in this preferred embodiment, a closed loop for performing transmitting diversity control, 

35 including a base station and a mobile, is implemented. 

[0047] Fig. 5 shows examples of a downlink pilot signal pattern in this preferred embodiment. 
[0048] If each corresponding code is multiplied by each of the pilot signals P 1 through P 4 shown in Fig. 5, and the 
products of the entire pilot signal pattern are added up the result "0" is obtained. Specifically, the pilot signals P 1 through 
P 4 form a mutually orthogonal code word. 

40 [0049] Each pilot signal's amplitude and phase change independently due to fading, and the combination of these 
signals is received by the antenna of a mobile station. A mobile-station receiver can calculate the channel response 
estimation values h 1f h 2 , h 3 and h 4 of each pilot signal by correlating the incoming pilot signals with corresponding pilot 
signals P^t), P 2 (t), P 3 {t) and P 4 (t), respectively, that are stored in advance on the mobile station side and by averaging 
the obtained correlations. 

45 [0050] Fig. 6 shows both an example configuration of base-station transmitting antennas according to this preferred 
embodiment and antenna control information thereof. 

[0051] Fig. 6A shows the transmitting antenna configuration of a base station. It is assumed that antennas ANT1 
and ANT2 form group 1, and antennas ANT3 and ANT4 form group 2. It is also assumed that antennas ANT1 and 
ANT3 are the reference antenna of groups 1 and 2, respectively. It is further assumed that antenna ANT1 is also the 
50 reference antenna of all the groups 1 and 2. Antennas ANT1 and ANT2 are located apart from each other by one 
wavelength. Antennas ANT3 and ANT4 are also located apart from each other by one wavelength. Antennas ANT1 
and ANT3 are located apart from each other by 20 wavelengths. Antennas ANT2 and ANT4 are also located apart 
from each other by 20 wavelengths. 

[0052] Here, the spatial correlative characteristic of a base-station antenna is described. 
55 [0053] If the input angles of signals from mobile stations are uniformly distributed with dispersion Ar|>, the envelope 
correlation coefficient of input waves is expressed as follows. In the equation, d represents the distance between two 
antennas. 
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p = 



x = 



X 



[0054] The angle dispersion At|> of each input signal observed at the base station in a macro-cell environment is 
approximately 3 degrees. Fig. 7 shows the envelope correlation coefficient in this case. It is seen from Fig. 7 that at 
d=19Xthe input signals become uncorrelated. Therefore, according to the present invention, fading correlation can be 
made low by setting the distance between antenna groups to approximately 19 wavelengths or more. Fading correlation 
can also be made high by setting the distance between antennas in each group to one wavelength or less. 
[0055] However, fading correlation is affected by a variety of factors, such as the height at which the antenna is 
installed, the size of the antenna and the like. Therefore, it is acceptable if the antennas are installed so that the distance 
between any two antennas in the same group is approximately the wavelength of an incoming signal. However, a 
person having ordinary skill in the art should set the distance between groups so that fading correlation is almost "0" 
in any situation. 

[0056] Description will return to Fig. 6. In the following description it is assumed that amplitude is not controlled and 
only phase is controlled. Specifically, only a phase amount <|>j is controlled by assigning a^l to w i =a i ei ( t ) i. As shown in 
Fig. 6B, each of the control amount ^ of antenna ANT2 using antenna ANT1 as a reference, the control amount 4> 2 of 
antenna ANT4 using antenna ANT3 as a reference and the control amount of antenna ANT3 using antenna ANT1 
as a reference is quantized and is transmitted to the base station as feedback information. If each of the control amounts 
is quantized using one bit, for example, the setting is as follows. 



[0057] In the expression, 4>j Q is a quantized control amount. 

[0058] Figs. 8 through 11 show examples of the transmission format of feedback information in this preferred em- 
bodiment. 

[0059] It is assumed that if 4>j Q =0, feedback information bj=0 and that if ^ q =ti 7 feedback information b s = 1 . As shown 
in Fig. 8, this feedback information is multiplexed with an upward channel so that the transmission rate of b 3 may 
become higher than the transmission rate of b 1 or b 2 and is transmitted to a base station. One frame of length 10ms 
is composed of 15 slots in compliance with the W-CDMA frame format. This transmission format transmits feedback 
information of one bit in each slot. Formatl transmits both one b 1 and one b 2 in one frame, and format2 transmits both 
two b 1 and two b 2 in one frame. 

[0060] In the base station, the phase control of each transmitting antenna is conducted using the feed back information 
received in an uplink channel. A corresponding antenna is directly controlled by the feedback information received in 
the immediately previous slot. In this case, antennas other than the corresponding antenna store the latest feedback 
information and use the information for their control. 

[0061] However, ANT4 shown in Fig. 6A is controlled not only by control amount 62, but also by the control amount 
d3 of ANT 3. Specifically, ANT4 is frequently controlled by d3and is also controlled byd2 less frequently. This description 
also applies to ANT4 shown in Fig. 6B. 

[0062] Filtering feedback information can also reduce the number of transmission errors and the number of quanti- 
zation errors. For example, for the filtering, a method using the average value of the control amount of the feedback 
information received in the immediately previous slot and the control amount of the feedback information received in 
receiving slots before the immediately previous slot is used. 

[0063] As the feedback information of an intra-group antenna control amount, an updated control amount is trans- 
mitted every time the feedback information is transmitted. However, for example, alternatively, in the same frame, the 
same feedback information can also be repeatedly transmitted. In this case, the number of transmission errors in the 
base station can be reduced by combining a plurality of pieces of feedback information received in the frame. 
[0064] Since each intra-group antenna control amount relates to the angle of a mobile station against the base station 




(ii) 
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in a macro-cell system with a to some extent large cell radius, the deviation of the input angle within a group is negligibly 
small. Therefore, if control is exercised within each group using the same intra-group antenna control amount, there 
is no problem. Therefore, transmitting only the intra-group control information of one specific group and controlling 
other groups using this information can further reduce an amount of feedback information. 

5 [0065] Fig. 9 shows a feedback information transmission format used to transmit only b 1 as intra-group control in- 
formation. Format3 transmits two b., in one frame and format 4 transmits four b 1 in one frame. 
[0066] In this preferred embodiment too, as the feedback information of an intra-group antenna control amount, an 
updated control amount can be transmitted every time the feedback information is transmitted. Alternatively, for exam- 
ple, the same feedback information can be repeatedly transmitted within the same frame. 

10 [0067] Another transmission format in which a control amount calculated in a mobile station is quantized using a 
plurality of bits is described below. 

[0068] Fig. 1 0 shows the feedback information transmission format in which b 1 and b 3 are quantized using three bits 
and four bits, respectively. Tables 1 and 2 of Fig. 11 show the correspondence between the feedback information b 3 
of an inter-group antenna control amount and a control amount. Table 3 shows the correspondence between the feed- 
's back information b 1 of an intra-group antenna control amount and a control amount. 

[0069] In this example, only the feedback information of an intra-group antenna control amount b 1 is transmitted 
using the format shown in Fig. 9. As is clearly seen from Tables 1 and 2 of Fig. 11, feedback information bit b 3 is 
composed of four bits; three bits of b 3 (3) through b 3 (1) representing a phase control amount and one bit of b 3 (0) 
representing an amplitude control amount. Formats shown in Fig. 10 includes feedback information bit b 3 in one frame. 
20 However, three words of feedback information bit b1 are composed of three bits of ^ (2) through ^ (0) representing 
a phase control amount. According to formats shown in Fig. 10, three bits of feedback information bit b., are distributed 
and located in one frame, and all the three bits together form one word. 

[0070] Fig. 12 shows an example configuration of a mobile station that transmits feedback information to a base 
station according to the formats shown in Figs. 8 through 11. 

25 [0071] On receipt of a signal from a base station via its receiving antenna, a mobile station branches the receiving 
signal into two signals and inputs one signal and the other signal to a data channel despreading unit 41 and a pilot 
channel despreading unit 44, respectively. The data channel dispreading unit 41 despreads the data channel signal 
and inputs the signal to both a channel estimation unit 42 and a receiver 43. The receiver 43 reproduces the downlink 
data signal, based on the channel estimation result of the channel estimation unit 42 and presents the signal to a user 

30 as voice or data. The pilot channel dispreading unit 44 despreads the incoming signal using a pilot channel dispreading 
code and inputs the signal to a channel estimation unit 45. The channel estimation unit 45 correlates the despread 
signal to each pilot signal pattern and obtains channel estimation values H=[h^, h 2 , h 3 and h 4 ] for paths from each 
transmitting antenna to the mobile station. A control amount calculation unit 46 calculates a weight vector based on 
these channel estimation values and determines feedback information to be transmitted. A multiplex unit 47 multiplexes 

35 this feedback information with an upward control channel. A data modulation unit 48 modulates the feedback informa- 
tion. A spreading modulation unit 49 spread-modulates the feedback information. Then, the feedback information is 
transmitted to the base station from a transmitting antenna 50. 

[0072] In Fig. 13, the same reference numbers are attached to the same constituent components as those in Fig. 4 
and their descriptions are omitted. 

40 [0073] In this preferred embodiment, a base station uses both uplink feedback information and an uplink channel 
arriving method estimation result as intra-group antenna control information. In the base station, input direction esti- 
mation units 62 and 63 estimate the arriving direction of an incoming signal based on an uplink receiving signal received 
by an array antenna (a plurality of antennaslements used in transmission diversity: transmitting/receiving antenna 60). 
Since arriving direction strongly depends on the angle of a mobile station against a base station, a method for setting 

45 the direction of a downlink transmitting beam {direction in which the strength of a wave transmitted from an antenna 
is large) to this uplink signal input direction is known. However, in a system where uplink and downlinkfrequencies are 
different, this assumption does not always hold true and depends on the propagation environment. 
[0074] Upon receipt of the uplink feedback information via an antenna 60, a receiving processing unit 61 performs 
the despeading and the like of the uplink feedback information and relays the information to a feedback information 

so extraction unit 37. When the feedback information extraction unit 37 extracts a control amount from the uplink feedback 
information, an amplitude/phase control unit 38' compares the control amount with the arriving direction estimation 
value and determines to use either the control amount received from the uplink line or the arriving direction estimation 
value. Then, the unit 38' controls the amplitude/phase of a transmitting signal. 

[0075] As shown in Fig. 14, in this preferred embodiment, if the intra-group phase difference is not within a specific 
55 range [0-A,e-A] with the arriving direction estimation result e of the uplink channel as a center, control is exercised 
using only the arriving direction estimation result 0 since the control amount by the upward feedback information is 
related to an uplink channel arriving direction estimation result 0. Specifically, if the control amount in the feedback 
information is too far from the arriving direction estimation result 0, it is judged that a bit error or the like has occurred 
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during transmission of the feedback information, and the feedback information is inaccurate. Then, the feedback in- 
formation is discarded and only phase is controlled using the arriving direction estimation result 8. 
[0076] Alternatively, a control amount in the uplink feedback information of intra-group phase difference information 
can be sampled for a prescribed time period. If it is judged that variance of the samples is large (for example, specifically, 
if the samples are dispersed more widely than a specific predetermined threshold value), control can be exercised 
using only the arriving method estimation result 0 without utilizing the feedback information. 
[0077] Fig. 15 shows the configuration of the third preferred embodiment of the present invention. 
[0078] In Fig. 15, the same reference numbers are attached to the same components as those in Fig. 4, and their 
descriptions are omitted. 

[0079] In this case, the transmitting powers of pilot signals P 1 and P 3 are set smaller than the transmitting powers 
of pilot signals P 2 and P 4 , respectively. In this preferred embodiment, this is implemented by multiplying pilot signals 
P 2 and P 4 by a coefficients {0<a<1 ). Although pilot signals P 2 and P 4 are needed to estimate channel impulse response 
vectors h 2 and h 4 , h 2 and h 4 have high fading correlations to h 1 and h 3 , respectively. Therefore, h 2 /h 1 and h 4 /h 3 that 
are normalized by them strongly depend on an angle of the mobile station against the base station. Since these values 
fluctuate slowly compared with fading fluctuation, estimation accuracy can be improved by taking a long time average 
of pilot signals P 2 and P 4 even if incoming power on the mobile station side is low. Both ^ and 4> 2 are calculated as 
follows. 



[0080] Since interference to data signals by pilot signals can be suppressed to a low level by setting the transmitting 
powers of pilot signals P 2 and P 4 to a low level, transmission capacity can be increased. 

[0081] Since both h 2 /h 1 and h 4 /h 3 depend on the angle of the mobile station against the base station and fluctuate 
more slowly than a fading fluctuation, estimation accuracy can be improved by taking a long time average of pilot 
signals P 2 and P 4 even if an incoming power is low. For example, estimation values (^{n), 4> 2 (n) and ^ (n) at the n-th 
slot can be calculated as follows. In these equations, N is the estimated average number of slots of estimation values 
^ (n) and (|> 2 {n) . 



[0082] In this way, when both 4> 1 and § 2 are calculated by taking a N-times time {number of slots) average of 4> 3 , the 
same estimation accuracy as that of ty 3 can be obtained even if a = 1/N. Specifically, in case N=4, a = 1/4 can be 
assigned. 

Industrial Applicability 

[0083] If the number of transmitting antennas is increased by utilizing differences in the fluctuation rate of control 
information, the following effects can be obtained. 

The increase in the amount of upward feedback information can be suppressed. 
Characteristics degrade little in the case of a high fading frequency. 
The antenna installation space of a base station can be reduced. 



(12) 
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Claims 

1 . A transmitting diversity communications apparatus, including a base station adopting a transmitting diversity meth- 
od, for controlling transmitting signals according to information from a mobile station, comprising: 

5 

antenna means composed of a plurality of antenna groups, each group consisting of a plurality of antennas 
located close to one another so that fading correlation between the antennas is high, and the antenna groups 
are located apart from one another so that fading correlation between the groups is low; and 
control means for receiving both first control information for intra-group antenna control, with a low transfer 
10 rate and second control information for inter-antenna group control, with a high transfer rate that are transmitted 

from a mobile station, and controlling a phase of a signal transmitted by the antenna means. 

2. The transmitting diversity communications apparatus according to claim 1 , wherein the mobile station determines 
a control amount of the phase using pilot signals transmitted from the base station. 

15 

3. The transmitting diversity communications apparatus according to claim 1 , wherein said control means also con- 
trols amplitude in addition to the phase. 

4. The transmitting diversity communications apparatus according to claim 3, wherein the mobile station determines 
20 control amounts of both the phase and amplitude using pilot signals transmitted from the base station. 

5. The transmitting diversity communications apparatus according to claim 4, wherein the mobile station estimates 
a channel response from each antenna to the mobile station by correlating a pilot signal from the base station to 
a known pilot signal on a mobile station side and calculating the control amount using this channel response 

25 estimation value. 

6. The transmitting diversity communications apparatus according to claim 1, wherein the mobile station transmits 
information describing the difference in channel response estimation values between each intra-group antenna of 
said antenna means and a reference antenna and information describing the difference in channel response es- 

30 timation values between each antenna group and a reference antenna of a specific antenna group to the base 

station as the first and second control information, respectively. 

7. The transmitting diversity communications apparatus according to claim 1, wherein the mobile station transmits 
control information about each antenna group and control information about an intra-group antenna within a specific 

35 antenna group to the base station as the second and first control information, respectively. 

8. The transmitting diversity communications apparatus according to claim 1, wherein said control means controls 
the transmitting of a signal from the base station using an input direction estimation result of an uplink channel 
signal in addition to the first and second control information. 

40 

9. The transmitting diversity communications apparatus according to claim 8, wherein if transmitting signal control 
amounts obtained from the first and second control information do not fall within a specific range with an arriving 
direction estimation result of the uplink channel signal as a center, transmission is controlled using the input di- 
rection estimation result. 

45 

10. The transmitting diversity communications apparatus according to claim 8, wherein if transmitting signal control 
amount dispersion obtained from the first control information is larger than a prescribed value, transmission is 
controlled using only an arriving direction estimation result. 

so 11. The transmitting diversity communications apparatus according to claim 1 , wherein control is exercised by a filtering 
result using both currently received first and second information and one or more previously received first and 
second control information. 

12. The transmitting diversity communications apparatus according to claim 1, wherein the power of a signal trans- 
55 mitted from an antenna other than a reference antenna is set at a lower level than the power of a signal transmitted 

from a reference antenna of each antenna group. 

13. A transmitting diversity communications apparatus, including a base station adopting a transmitting diversity meth- 
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od, for controlling transmitting signals according to information from a mobile station, comprising: 

antenna means composed of a plurality of antenna groups, each group consisting of a plurality of antennas 
located close to one another so that fading correlation between the antennas is high, and the antenna groups 
5 are located apart from one another so that fading correlation between the groups is low; and 

control means for receiving both first control information for intra-group antenna control, with a low transfer 
rate and second control information for inter-antenna group control, with a high transfer rate that are transmitted 
from a mobile station, and controlling both amplitude and phase of a signal transmitted by the antenna means. 

10 14. A mobile station of a transmitting diversity communications apparatus, including a base station adopting a trans- 
mitting diversity method, for controlling transmitting signals according to information from a mobile station, com- 
prising: 

receiving means for receiving a signal transmitted from an antenna means composed of a plurality of antenna 
15 groups, each group consisting of a plurality of antennas located close to one another so that fading correlation 

between the antennas is high, and the antenna groups are located apart from one another so that fading 
correlation between the groups is low; 

antenna specifying means for identifying an antenna that has transmitted the received signal; and 
transmitting means for transmitting first control information about intra-group antenna control of the received 
20 signal to the base station at a prescribed transfer rate and transmitting second control information about inter- 

group antenna control of the received signal to the base station at a higher transfer rate than the prescribed 
transfer rate. 

15. A transmitting diversity communications method, including a base station adopting a transmitting diversity method, 
25 for controlling transmitting signals according to information from a mobile station, comprising: 

providing a plurality of antenna groups, each group consisting of a plurality of antennas, placing the antennas 
in the same group close to one another so that fading correlation between the antennas in the same group is 
high and placing the antenna groups apart from one another so that fading correlation between the groups is 
30 low; and 

receiving both first control information for intra-group antenna control, with a low transfer rate and second 
control information for inter-antenna group control, with a high transfer rate that are transmitted from a mobile 
station and controlling the phase of a signal transmitted by the antenna unit. 

35 16. A communications system for controlling the phase of each of transmitting signals transmitted from a plurality of 
antennas of a base station according to phase control information from a mobile station, wherein 

some of the plurality of antennas of the base station have a location relation in which, with respect to one 
antenna, other antennas are placed where fading correlation is high, and where fading correlation is low, and 
the mobile station transmits phase control information about an antenna located in the position having a high 
40 fading correlation and phase control information about an antenna located in the position having a low fading 

correlation to the base station with low frequency and high frequency, respectively. 

17. A communications system for controlling the phase of each of transmitting signals transmitted from a plurality of 
antennas of a base station according to phase control information from a mobile station, wherein 

45 some of the plurality of antennas of the base station have a location relation in which, with respect to one 

antenna, other antennas are placed where fading correlation is high, and where fading correlation is low, and 

the mobile station transmits phase control information about an antenna located in the position having a high 
fading correlation to the base station with lowerfrequency thanfrequency of phase control information of an antenna 
located in the position having a low fading correlation. 

50 

18. A communications system for controlling the phase of each of transmitting signals transmitted from a plurality of 
antennas of a base station according to phase control information from a mobile station, wherein 

all the plurality of antennas except a specific antenna of the base station are located in positions having a 
specific fading correlation to the antenna, and 
55 the mobile station transmits phase control information about the antennas except the specific antenna to the 

base station with frequency corresponding to the specific fading correlation. 

19. A communications system for controlling the phase of each of transmitting signals transmitted from a plurality of 



12 



EP 1 315 311 A1 



antennas of a base station according to phase control information from a mobile station, wherein 

all the plurality of antennas except a specific antenna of the base station are located in positions having a 
high fading correlation to the antenna, and 

the mobile station transmits phase control information about the antennas except the specific antenna to the 
5 base station with low frequency. 

20. A communications system for controlling the phase of each of transmitting signals transmitted from a plurality of 
antennas of a base station according to phase control information from a mobile station, wherein 

all the plurality of antennas except a specific antenna of the base station are located in positions having a 
10 low fading correlation to the antenna, and 

the mobile station transmits phase control information about all the antennas except the specific antenna to 
the base station with high frequency. 

21. A mobile station of a communications system for controlling the phase of each of signalstransmittedfrom a plurality 
15 of antennas on a base station side where some of the plurality of antennas and the other antennas except a specific 

antenna are located in positions having a high fading correlation and in positions having a low fading correlation, 
respectively, to the antenna according to phase control information from a mobile station, comprising: 

control means for generating phase control information about the plurality of antennas; and 
20 transmitting means for transmitting phase control information about an antenna located in a position having 

a high fading correlation and phase control information of an antenna located in a position having a low fading 
correlation to the base station with low frequency and high frequency, respectively. 

22. A mobile station of a communications system for controlling the phase of each of signalstransmittedfrom a plurality 
25 of antennas on a base station side where some of the plurality of antennas and the other antennas except a specific 

antenna are located in positions having a high fading correlation and in positions having a low fading correlation, 
respectively, to the antenna according to phase control information from a mobile station, comprising: 

control means for generating phase control information about the plurality of antennas; and 
30 transmitting means for transmitting phase control information about an antenna located in a position having 

a high fading correlation to the base station with lower frequency than frequency of phase control information 
of an antenna located in a position having a low fading correlation. 

23. A mobile station of a communications system for controlling the phase of each of transmitting signals transmitted 
35 from a plurality of antennas on a base station side where all the plurality of antennas except a specific antenna 

are located in positions having a specific fading correlation to the antenna according to phase control information 
from a mobile station, comprising: 

control means for generating phase control information about the plurality of antennas; and 
40 transmitting means for transmitting the corresponding antenna phase control information to the base station 

with frequency corresponding to the fading correlation. 

24. A mobile station of a communications system for controlling the phase of each of signalstransmittedfrom a plurality 
of antennas on a base station side where the other of the plurality of antennas are located in positions having a 

45 high fading correlation with one antenna according to phase control information from a mobile station, comprising: 

control means for generating phase control information about the plurality of antennas; and 
transmitting means for transmitting antenna phase control information about all the antennas except the spe- 
cific antenna to the base station with low frequency. 

50 

25. A mobile station of a communications system for controlling the phase of each of signalstransmittedfrom a plurality 
of antennas on a base station side where all the plurality of antennas except a specific antenna are located in 
positions having a low fading correlation to the antenna according to phase control information from a mobile 
station, comprising: 

55 

control means for generating phase control information about the plurality of antennas; and 

transmitting means for transmitting phase control information about all the antennas except a specific antenna 

to the base station with high frequency. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates in general to wireless communication systems and, more particularly, to improv- 
ing the downlink performance of wireless communication systems. 

[0002] Wireless mobile communications suffer from four major impairments: path loss, multipath fading, inter-symbol 
interference (ISI) and co-channel interference. Adaptive antennas can be used to suppress the effects of these factors 
to improve the performance of wireless communication systems. There are two types of adaptive antennas: diversity 
10 antennas and beamforming antennas. In a diversity antenna system, multiple low-correlation or independent fading 
channels are acquired in order to compensate multipath fading, thus achieving diversity gain. Beamforming antennas, 
on the other hand, provide beamforming gain by making use of spatial directivity, thus compensating for path loss to 
a certain extent and suppressing co-channel interference. 

[0003] In a diversity antenna system, the antenna spacing is usually required to be large enough, e.g., *\0X in order 
15 to obtain low-correlation/independent fading channels, especially for small angular spread environments. However, 
beamforming antennas need to achieve spatial directivity, so the signals received at and/or transmitted from all anten- 
nas must be correlated. This means that for beamforming antenna, the antenna spacing should usually be small, e.g. 
half wavelength for a uniform linear array (ULA). Because of the conflict between the required antenna spacings for 
diversity antenna systems and beamforming systems, a prejudice exists that diversity gain and beamforming gain 
20 cannot be achieved simultaneously. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to seek to provide a wireless communication system benefiting simul- 

25 taneously from both diversity gain and beamforming gain. 

[0005] Accordingly, one aspect of the present invention provides a method of achieving transmit diversity gain in a 
communication system having a base station with multiple transmit antennae and a mobile terminal with a single receive 
antenna, the method comprising the steps of: providing a signal to be transmitted s(n); space-time encoding the signal 
s(n) to produce at least two separate signals s 1 (n),s 2 (n), each on a respective output; feeding each output signal s 1 

30 (n),s 2 (n) to a zero-forcing pre-equaliser having a respective function g^k), g 2 (k) to produce an output signal xrfn), x 2 
(n); feeding the output signal x^n), x 2 (n) of each pre-equaliser to a transmit antenna; transmitting the output signals 
x^n), x 2 {n) over respective physical channels h^k), h 2 (k); receiving the output signals x^n), x 2 (n) at a single receive 
antenna; and space-time decoding the received signals, wherein the functions grfk), g 2 (k) of the zero-forcing pre- 
equalisers are selected such that the channel responses g^kfh^k), g 2 (kyh 2 (k) of the respective physical channels 

35 hrfk), h 2 (k) are flat fading channels. 

[0006] Preferably, the communications system is a time-division duplex system and the method includes the further 
step of deriving the real channel coefficients from uplink channel coefficients for use in selecting the functions grfk), 
g 2 (k) of the p re-equalisers. 

[0007] Conveniently, the step of deriving the real channel coefficients from uplink channel coefficients uses training 
40 symbols from the uplink channel. 

[0008] Advantageously, the step of deriving the real channel coefficients from uplink channel coefficients uses blind 
techniques. 

[0009] Preferably, the communications system is a frequency-division duplex system and the method includes the 
further step of deriving the real channel coefficients by sending a set of training symbols to the receive antenna of the 
45 mobile terminal, the mobile terminal estimating the real channel coefficients and feeding back channel coefficient in- 
formation to the base station. 

[001 0] Another aspect of the present invention provides a base station with multiple transmit antennae for commu- 
nicating with a mobile terminal having a single receive antenna over physical channels hrfk), h 2 (k), the base station 
comprising: 

50 

a space-time encoder having an input of a signal to be transmitted s(n) and at least two outputs each producing 
a separate signal s^nj^^n); at least two zero-forcing pre-equalisers, each fed by a respective output signal s 1 
(n) } s 2 (n) and having a respective function grfk), g 2 (k) to produce an output signal x^n), x 2 {n); and at least two 
transmit antennae, each being fed by the output signal xrfn), x 2 (n) of a respective one of the pre-equalisers, 
55 wherein the functions grfk), g 2 (k) of the zero-forcing pre-equalisers are selected such that the channel responses 

grfkyhrfk), g 2 (kfh 2 (k) of the respective physical channels hrfk), h 2 (k) are flat fading channels. 

[001 1] Preferably, the mobile terminal has a single receive antenna and a space-time decoder to decode the signals 
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received from the base station. 

[0012] A further aspect of the present invention provides a method of achieving combined beamforming and transmit 
diversity forfrequency selective fading channels in a communication system having a base station with multiple transmit 
antennae and a mobile terminal with a single receive antenna, the method comprising the steps of: providing a signal 

5 to be transmitted S(n;k); space-time encoding the signal S(n;k) to produce at least two separate signals S 1 (n;k),S 2 (n; 
k), each on a respective output; feeding each output signal S 1 (n;k),S 2 (n;k) to a transmit processor to produce an output 
signal Xrfnik), X 2 (n;k); applying respective selected transmit beamforming weights to each output signal X^n.k), X 2 
(n;k); feeding the respective weighted signals to a signal combiner to perform a summing function of the signals and 
produce a signal X(n;k) for transmission; feeding the summed signal X(n;k) to each of the multiple transmit antennae 

10 for transmission; transmitting the signals X{n;k) over respective the physical channel h(n;k); receiving the received 
signal Y(n;k)at a single receive antenna; feeding the received signal Y(n;k)to a receive processor to produce an output 
signal; and space-time decoding the received signal. 

[001 3] Preferably, the respective transmit beamforming weights are selected as the eigenvectors corresponding to 
the two largest eigenvalues of the downlink channel covariance matrix (DCCM) of the physical channel h(n;k). 

15 [0014] Conveniently, the physical channel fr{n;k) consists of two time-delayed rays, h^(n;k) and h 2 (n;k), and the 
transmit processors do not add cyclic prefixes and one of the output signals from the transmit processors is delayed 
by At before the respective selected transmit beamforming weight is applied thereto, the beamforming weights being 
chosen such that the delayed signal or its inverse fast Fourier transform (IFFT) only goes through one channel h^(n; 
k) between the base station multiple transmit antennae and the receive antenna, whilst the undelayed signal or its IFFT 

20 only goes through another channel h 2 (n;k) between the base station multiple transmit antennae and the receive an- 
tenna, thereby creating two different channels which can be space-time decoded to recover the transmitted signal. 
[001 5] Advantageously, the physical channel fr{n;k) consists of two time-delayed clustered rays, h^(n;k) and h 2 {n;k), 
the transmit processors have a cyclic prefix length of Ai+rand one of the output signals from the transmit processors is 
delayed by \\f before the respective selected transmit beamforming weight is applied thereto, the beamforming weights 

25 being chosen such that the delayed signal or its inverse fast Fourier transform (IFFT) only goes through one channel 
h^{n;k) between the base station multiple transmit antennae and the receive antenna, whilst the undelayed signal or 
its IFFT only goes through another channel h 2 {n;k) between the base station multiple transmit antennae and the receive 
antenna, thereby creating two different channels which can be space-time decoded to recover the transmitted signal. 
[001 6] Preferably, the method comprises the further steps of: estimating a power-delay-DOA profile for the channel 

30 h{n;k); and, based on the profile: determining the cyclic prefix length, Ay, to be added by the transmit processors; 
determining the delay \|/; and determining the transmit beamforming weights. 

[001 7] Advantageously, the method comprises the further step of estimating the downlink channel covariance matrix 

(DCCM) from the uplink channel covariance matrix (UCCM) to construct transmit beamforming weights. 

[001 8] Conveniently, the method comprises the further steps of: estimating the downlink channel covariance matrix 

35 (DCCM) from the uplink channel covariance matrix (UCCM) to construct transmit beamforming weights; estimating a 
power-delay-DOA profile for channel h(n;k); and, based on the profile: determining the length, A\\f, of the cyclic prefix 
to be added by the transmit processors; determining the delay y; and determining the transmit beamforming weights. 
[0019] A further aspect of the present invention provides a base station with multiple transmit antennae for commu- 
nicating with a mobile terminal having a single receive antenna over physical channel h(r\;k) having two time-delayed 

40 rays, h^(n;k) and h 2 (n;k), the base station comprising: 

a space-time encoder having an input of a signal to be transmitted and at least two outputs each producing a 
separate signal; at least two transmit processors each receiving one of the outputs from a respective space-time 
encoder; at least two transmit beamformers each receiving an output from a respective transmit processor and 
45 applying a transmit beamforming weight thereto; a signal combiner receiving signals from the beamformers and 

operable to perform a summing function of the signals from the beamformers and produce a signal for transmission 
by the multiple transmit antennae. 

[0020] Preferably, a delay of At is interposed between one of the transmit processor outputs and a beamformer to 
50 delay the signal output from the transmit processor by At before the respective selected transmit beamforming weight 
is applied thereto, wherein the transmit processors do not add cyclic prefixes. 

[0021] Conveniently, a delay ofy is interposed between one of thetransmit processor outputs and a beamformer to 
delay the signal output from the transmit processor by \jj before the respective selected transmit beamforming weight 
is applied thereto, the transmit processors having a cyclic prefix length of A\|/. 
55 [0022] Advantageously, a processor to determine a power-delay-DOA profile estimate for channel h(n;k) is provided 
and, based on the profile, determine: the length, A\\f cyclic prefix to be added by the transmit processors; the delay i+r; 
and the transmit beamforming weights. 

[0023] Conveniently, a processor is provided to estimate a downlink channel covariance matrix (DCCM) from the 
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uplink channel covariance matrix (UCCM) to construct transmit beamforming weights. 

[0024] Preferably, the base station further comprises a first processor to determine a power-delay-DOA profile esti- 
mate for channel h(r\;k); and, based on the profile, determine: the length, A\\f , of the cyclic prefix to be added by the 
transmit processors; the delays; and the transmit beamforming weights; and a second processorto estimate a downlink 
5 channel covariance matrix (DCCM) from the uplink channel covariance matrix (UCCM) to construct transmit beam- 
forming weights. 

[0025] Conveniently, the transmit and receive processors are selected from the group consisting of: OFDM, CDMA 
and TDMA processors. 

[0026] Advantageously, the communications system comprises the base station and a mobile terminal having a 
10 single receive antenna, a receive processorto produce an output signal and a space-time decoderto decode the output 
signal. 

[0027] A further aspect of the present invention provides a method of achieving combined beamforming and transmit 
diversity forfrequency selective fading channels in a communication system having a base station with multipletransmit 
antennae and a mobile terminal with a single receive antenna, the method comprising the steps of: providing a signal 

15 to be transmitted s(n); space-time encoding a signal to be transmitted s(n) to produce at least two separate signals s 1 
(n),s 2 (n), each on a respective output; delaying one of the space-time encoded output signals by At; applying respective 
selected transmit beamforming weights to the delayed and undelayed signals; feeding the respective weighted signals 
to a signal combiner to perform a summing function of the signals and produce a signal for transmission; feeding the 
summed signal to each of the multiple transmit antennae for transmission; transmitting the summed signals over the 

20 physical channel h(k) with two time-delayed rays h^k), h 2 (k)\ receiving the major components of the transmitted signals 
at a single receive antenna at substantially the same time; and space-time decoding the received signal. 
[0028] Preferably, the beamforming weights are chosen such that the delayed signal only goes through one ray /t 1 
(k) between the base station multiple transmit antennae and the receive antenna, whilst the undelayed signal only 
goes through another ray h 2 {k) between the base station multiple transmit antennae and the receive antenna. 

25 [0029] Conveniently, the delay At is derived from downlink channel information. 

[0030] A further aspect of the present invention provides a base station with multiple transmit antennae for commu- 
nicating with a mobile terminal having a single receive antenna over physical channel h(W) having two time-delayed 
rays h^k), h 2 {k), the base station comprising: 

30 a space-time encoder having an input of a signal to be transmitted and at least two outputs each producing a 

separate signal; at least two transmit beamformers each receiving an output from the space-time encoder and 
applying a transmit beamforming weight thereto; a signal combiner receiving signals from the beamformers and 
operable to perform a summing function of the signals from the beamformers and produce a signal for transmission 
by each of the multiple transmit antennae, wherein a delay of At is interposed between the space-time encoder 

35 and one of the beamformers such that the major components of the transmitted signals are received at a single 

receive antenna at substantially the same time. 

[0031] Preferably, the communications system comprises the base station and a mobile terminal having a single 
receive antenna and a space-time decoder to decode the received signal. 
40 [0032] One aim of the present invention is to seek to achieve, at the mobile terminal, diversity gain, beamforming 
gain as well as delay spread reduction simultaneously by using a base station with a multiple antenna array. 
[0033] The advantages of the embodiments of the present invention are as follows: 

Beamforming gain and transmit diversity are achieved simultaneously; 
45 • Based on power-delay-DOA profile, delay spread is reduced adaptively. 

In two-ray environment, a frequency selective fading channel is transferred into a flat fading channel, yet the 
path diversity gain is maintained. 

In hilly terrain (HT) environment, we can transfer a long delay spread channel into a short delay spread channel, 
50 yet still maintain the path diversity gain. 

With delay spread reduction and combined beamforming and transmit diversity, the invented systems provide high 
spectrum efficiency, yet consumes less transmission power. 

The invented systems also employ adaptive modulation to further improve the spectrum efficiency based on the 
55 diversity order and channel conditions. 

The mobile terminal is usually limited by physical size and battery power. The invented systems putthe complicated 
processing at the base station, rather at the mobile terminal. Thus the mobile terminal complexity is reduced. 
• The invented systems are well applicable for the applications which require high data rate for downlinktransmission. 
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These applications include, for example, high speed downlink packet access (HSDPA) in 3 rd generation partnership 
project (3GPP), wireless internet, and wireless multimedia communications. 

[0034] In order that the present invention may be more readily understood, embodiments thereof will now be de- 
5 scribed, by way of example, with reference to the accompanying drawings, in which: 

Figure 1 (Prior Art) is a schematic diagram illustrating Alamouti's permutation transmit diversity method; 

Figure 2 is a schematic diagram illustrating a method embodying the present invention using transmit diversity 
10 with pre-equalization for frequency selective fading channels; 

Figure 3 (Prior Art) is a schematic diagram illustrating orthogonal frequency division multiplexing (OFDM) with 
transmit diversity at: (a) a transmitter; and (b) a receiver; 

15 Figure 4 (Prior Art) is a schematic diagram illustrating OFDM combined beamforming and transmit diversity for 

flat fading channels; 

Figure 5 is a schematic diagram illustrating a method embodying the present invention using OFDM with combined 
beamforming and transmit diversity at: (a) a transmitter; and (b) a receiver; 

20 

Figure 6 is a schematic diagram illustrating a method embodying the present invention using combined beamform- 
ing and transmit diversity for two ray (TR) frequency selective fading channels at (a) a transmitter; and (b) a receiver; 

Figure 7 is a schematic diagram illustrating a method embodying the present invention using OFDM with combined 
25 beamforming and transmit diversity for two ray (TR) models at: (a) a transmitter; and (b) a receiver; 

Figure 8 is a schematic diagram illustrating a method embodying the present invention using OFDM with combined 
beamforming and transmit diversity for hilly-terrain (HR) models at (a) a transmitter; and (b) a receiver; and 

30 Figure 9 is a schematic diagram illustrating a method embodying the present invention using OFDM with combined 

beamforming, transmit diversity and adaptive delay spread reduction: at (a) a transmitter; and (b) a receiver. 

DETAILED DESCRIPTION OF THE INVENTION 

35 [0035] The present invention revolves around the use of multiple antennas at the base station to improve the downlink 
performance of a wireless communication system. Downlink beamforming is effective in limiting interference pollution, 
which is of critical importance especially in multimedia communications. Transmit diversity is a powerful technique 
when receive diversity is impractical, especially for mobile terminals with size and/or power limitations. It can also be 
used to further improve downlink performance even though receive diversity is available. 

40 [0036] In a multipath propagation environment, a receiver acquires several time-delayed, amplitude-scaled and di- 
rection of arrival (DOA) dependent versions of a transmitted signal. When the maximum time delay between the first- 
arrived and last-arrived versions of a signal along the various paths is smaller than the symbol interval, these paths 
are not resolvable in the time domain. However, these paths are resolvable in the spatial domain as they may come 
from different DOAs. Since each path may experience independent fading, using a beamforming antenna array, one 

45 obtains several independent channels, to which transmit diversity is applicable. 

[0037] When the maximum relative delay is greater than the symbol interval, a frequency selective fading channel 
is observed. Frequency selectivity is beneficial for achieving diversity, however, it also yields inter-symbol interference 
(ISI) which needs to be suppressed at the receiver. This phenomenon becomes more and more prevalent as the data 
transmission rate increases. One way to suppress ISI is to use equalization at the receiver. The performance of an 

so equalizer, however, depends on the frequency responses of the wireless channels. Specifically, when the channel's 
frequency responses have deep nulls in a certain frequency band, the equalization output yields noise enhancement, 
the effect of which can degrade the diversity gain obtained by the frequency selectivity. On the other hand, An adaptive 
equalizer often promotes error propagation problems when decision-directed symbols are used as reference signals, 
and the complexity of the equalizer is further complicated if the delay spread is large. 

55 [0038] Another method of reducing ISI is to reduce the delay spread using adaptive antennas at the base station. 
For example, if the base station knows the direction-of-arrival (DOA) information of each delayed version of the received 
signal, it can then form a beam to one path whilst arranging for nulls or small antenna gains at the DOAs of the other 
paths. In this manner, the mobile terminal only receives one path of each transmitted signal. This method, though 
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simple in signal detection, sacrifices the diversity gain since use is only being made of one path. 
[0039] Compared to receive diversity, transmit diversity has received greater attention during the past decade. Delay 
diversity as disclosed in A. Wittneben, "A new bandwidth efficient transmit antenna modulation diversity scheme for 
linear digital modulation", Proc. Of ICC'93, pp. 1630-1634, 1993, is one early transmit diversity technique using multiple 
5 transmit antennas. This method transforms a flat fading channel into a frequency selective fading channel making use 
of frequency diversity. An equalizer is provided at the mobile terminal in order to compensate for the artificially induced 
ISI. The performance of the equalizer depends on thefrequency property of the channels. Further, an adaptive equalizer 
often promotes error propagation problems when decision-directed symbols are used as reference signals. In fact, it 
is shown in Y.C. Liang, Y. Li and K.J.R. Liu, "Feasibility of transmit diversity for IS-136 TDMA systems", Proc. Of VTC 
10 '98, pp. 2321-2324, 1998, that when the maximum Doppler frequency is over 40 Hz, this diversity method is even 
worse than that without diversity. InS.M. Alamouti, "A simple transmit diversity technique for wireless communications", 
IEEE Journal of Selected Areas in Communications, Vol.16, No.8, pp. 1451-1458, October 1998, Alamouti proposed 
a permutation diversity method, whose performance is similar to maximal-ratio combining (MRC) receive diversity. This 
method only requires a simple receiver structure. More general transmit diversity methods are referred to as space- 
rs time coding methods as disclosed in V. Tarokh, N. Seshadri and A.R. Calderbank, "Space-time codes for high data 
rate wireless communication: Performance analysis and code construction", IEEE trans. On Information Theory, vol. 
44, No. 3, pp. 744-765, March 1998. Space-time codes include space-time trellis codes (STTC) and space-time block 
codes (STBC). In fact, permutation diversity is the simplest class of STBC. 

[0040] Figure 1 illustrating Alamouti's permutation diversity method shows the permutation diversity method with two 
20 transmit antennas 1, 2 equipped at the base station (BS). The signal s{n) to be transmitted is first coded in a space- 
time coding module 3 The space-time coding module 3 works in the following way. It has one input port and two output 
ports. The input port accepts the transmitted sequence, s(0), s(1), .... The two output ports provide, in response, re- 
spective output signals s^t) and s 2 (t) at time instants i=n and t=n+'\, where n is an even integer, as follows. 





t=n 


t=n+1 


s,(t) 


s(n)!j2 




s 2 (t) 


72 


-s*(n) Ij2 



[0041] At a single receive antenna 4 at the mobile terminal the signals received at time instants t=n and t=n+ 1 are 
given by 



35 



40 



x(n) = a^s^{n) + a 2 s 2 (n) + w(n) 
x{n+1) = a 1 s 1 {n+1)+a 2 s 2 (n+1)+w(n+1) 



(1) 
(2) 



where and a 2 are the respective channel responses from the two transmit antennas 1 , 2 to the receiver antenna 4, 
respectively; w{n) is additive white Gaussian noise {AWGN). 

[0042] The received signal is subsequently decoded by the space-time decoding module as follows. Specifically, 
equations (1) and (2) can be written in matrix forms: 



45 



(_*(" + 1)J V2 |/(n + 1 







w(n) 


L a 2 J 
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(3) 
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x(n) 


1 




a 2 J s(n) 




w(n) 


_jc*(n + l)_ 


~4i 


r a 2 
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_w*(« + l) 



(4) 
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[0043] Therefore, channel coefficients can be estimated via equation (3) using training symbols; while equation (4) 
can be used for signal estimation/detection. This signal detection method is also called permutation decoding. 
[0044] It is pointed out that, as opposed to delay diversity techniques which require a complicated equalizer at the 
receiver, the channel estimation and signal detection for permutation diversity involves very simple numerical opera- 
5 tions. Also, compared to a one-transmitter/two-receiver receive diversity technique, even though the permutation di- 
versity method has a 3 dB performance loss, it achieves the same order of diversity gain as receive diversity techniques 
using a maximal ratio combining (MRC) approach. 

[0045] Permutation diversity can be extended to space-time block codes (STBC) and space-time trellis codes 
(STTC). All these codes achieve transmit diversity for flat fading environment. 

10 [0046] One example of the invention applies Alamouti's diversity method to frequency selective fading channels. 
When the delay spread is greater than the symbol interval, frequency selective fading channels are observed. Figure 
2 illustrates the system model applying Alamouti's diversity method to frequency selective fading channels. The trans- 
mitted signal, s(n), is first coded using Alamouti's codes in the coding module 3, with the two branch outputs as s^(n) 
and s 2 {n). s^(n) and s 2 (n) are then passed into two pre-equalizers, 6, 7 having functions g^{k) and g 2 {k), to produce 

*5 two output sequences y^n) and y 2 (n). y<\(n) and y 2 (n) are finally modulated and up-converted as RF signals, which 
are sent out through the transmit antennas 1, 2 as physical channels /?,(/() and h 2 (k). 

[0047] The functions g A (k) and g 2 (k) of the pre-equalizers 6,7 are used to pre-equalize the two physical channels, 
h^(k) and h 2 (k), respectively. By designing the pre-equalizers with zero-forcing criterion, the overall channel responses, 
g^{k) * h^(k) and g 2 (k) * h 2 {k), are now flat fading channels, with which Alamouti's coding/decoding method can be 

20 used. Here, " * " denotes a convolution operation. 

[0048] In order to design the pre-equalizers 6,7, the real channel coefficients, h^(k) and h 2 {k), should be known at 
the base station/transmit antennas 1,2. This can be done in two ways. For time-division duplex (TDD) systems, down- 
link channel coefficients are the same as uplink channel coefficients, which are derivable from the uplink using training 
symbols or blind techniques {up to a constant scaler). For frequency-division duplex (FDD) systems, the base station 

25 sends a set of training symbols to the mobile terminal, which then estimates and feeds back the downlink channel 
information to the base station. 

[0049] The above methods are also applicable for other space-time codes. 

[0050] Orthogonal frequency division multiplexing (OFDM) is a known and effective method of combatting the large 
delay spread problem. The combination of OFDM with a transmit diversity method not only suppresses large delay 

30 spread, but also achieves transmit diversity gain. Figure 3 shows a prior art OFDM system with two-antenna transmit 
diversity as described in Y. Li, N. SeshadriandS. Ariyavisitakul, "Channel estimation for OFDM systems with transmitter 
diversity in mobile wireless channels", IEEE Journal of Selected Areas in Communications, vol. 17, No. 3, pp. 461-471, 
March 1999. The signal to be transmitted, S{n;k), is first coded using space-time codes in coding module 3, yielding 
two branch outputs as S^{n;k) and S 2 (n;k). S^(n;k) and S 2 {n;k) are then passed into respective normal OFDM transmit 

35 processors 8, 9, whose outputs are finally modulated and up-converted as RF signals, which are sent out through 
transmit antennas 1, 2. 

[0051] At the single antenna receiver 4 at the mobile station, the received signal is passed into a normal OFDM 
receive processor 10, followed by a space-time decoder module 5. Specifically, the fast Fouriertransform (FFT) output 
becomes 

40 

X(n;k) = H 1 (n; /c)S 1 {n; k) + H 2 {n; k)S 2 {n; k) + W(n;k) (5) 



X(n;k + 1 ) = H 1 {n;k + 1 )S 1 (n;k + 1 ) + H 2 {n;k + 1 ) S 2 {n;k + 1 ) + W{n;k + 1 ) (6) 

[0052] In (5) and (6), H^(n;k)an6 H 2 (n;k)are, respectively, the Fourier transforms of the channel impulse responses, 
h^(n;k) between transmit antenna 1 and receive antenna 4, and h 2 (n;k) between transmit antenna 2 and receive antenna 
4; W{n;k) is the FFT output of the additive noise, w(n;k), received at the receive antenna 4. 

[0053] Permutation decoding methods can be easily applied if S^{n;t) and S 2 {n;t) at time instants t=k and t=k+1, 
where k is an even integer, are chosen as follows: 





t=k 


t=k+\ 




S(n;k) J2 


S*(n;k+Wj2 


S 2 (n;f) 


S{n;k+^f J2 


-S*(n;k) 1 J2 
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Prior Art: Combined beamforming and transmit diversity for fiat fading channels. 

[0054] The above three methods {Alamouti's permutation diversity method, a diversity method applied to frequency 
selective fading channels and OFDM with transmit diversity) achieve transmit diversity gain for flat fading channels, 
5 or frequency selective fading channels. The transmit antennas belong to diversity antennas, i.e., the antenna spacing 
is large, e.g., ten times wavelength, typically. 

[0055] Figure 4 shows a known system combining beamforming and transmit diversity for flat fading channels as 
disclosed in R. Negi, A.M. Tehrani and J. Cioffi, "Adaptive antennas for space-time coding over block invariant multipath 
fading channels", Proc. of IEEE VTC, pp. 70-74, 1 999. The signal to be transmitted, s(n), is first coded using a space- 
10 time coder module 3, yielding two branch outputs as s^(n) and s 2 {n). s^{n) and s 2 (n) are then passed into two transmit 
beamformers 11,12, and w 2 , respectively, followed by a signal combiner 13 which performs a simple summing 
function of the two inputs to producing a signal x(n) for transmission which, in vector form, is as follows: 

15 x(n)=w"si(n)+w 2 s 2 (n) (7) 

[0056] To obtain spatial selectivity, the antenna spacing, d, is set to be small, e.g., half wavelength, and the number 
of transmit antennas 1A, 1B, 2, M, is greater than two. This is a beamforming antenna array, instead of a diversity 
antenna array. Suppose the physical channel consists of L spatially separated paths, whose fading coefficients and 
20 DOAs are denoted as (a k (t),Q k ), for k = 1 If the maximum time delay relative to the first arrived path is smaller 
than the symbol interval, a flat fading channel is observed, and the instantaneous channel response, h d (t), can be 
expressed as follows: 

M0 = 2>*(0a,(**) 

(8) 



30 

where a d (& k ) is the downlink steering vector at DOA Q k . The received signal, y(n), at the mobile terminal is given by 
35 Yin) = w^h d (t)s, (n)+ w H 2 h d (t)s 2 (n) + w(n) (9) 

[0057] By denoting ^(t)=w^ H h d (t), $ 2 (t) =w 2 H n d(tf> the transmit beamforming weights can be estimated by maximiz- 
ing the cost function: 

40 

J = E\^(tf + E\$ 2 {tf (10) 

[0058] Maximum average signal to noise ratio (SNR) is obtained by maximising (10); while condition (11 ) guarantees 
that p,,{f) and $ 2 (t) are statistically uncorrected, thus maximum diversity gain can be achieved. 
[0059] Comparing (9) with (1), with the aid of downlink beamforming, two statistical uncorrelated fading channels, 
50 fa(t) and p 2 {f) have been artificially generated, with which space-time decoding can be used to recoverthe transmitted 
signal, s(n). For Alamouti's diversity method, permutation decoding is applied. 

[0060] The optimal transmit beamforming weight vectors are the eigenvectors corresponding to the two largest ei- 
genvalues of the downlink channel covariance matrix (DCCM): 

55 
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R d = E[h 4 {t)h H d (t)\ (12) 

5 

where the expectation is conducted over all fading coefficients. Suppose all paths have the same average power, or 
Ela k (t)| 2 =VL , the DCCM is given by 

10 

^-r2>*<**)«?(**) 

15 

[0061] For TDD, DCCM is the same as uplink channel covariance matrix {UCCM). For FDD, there are two ways to 
estimate the DCCM, both of which are based on the fact that uplink and downlink signals go through the same DOAs. 
The first method estimates the DOAs of all paths from the received uplink signals first, then constructs the downlink 
steering vectors, a^fyjs, and further DCCM R d via equation (13). The second method estimates DCCM from UCCM 

20 directly via frequency calibration processing as disclosed in Y-C. Liang and F. Chin, "Downlink beamforming methods 
for capacity enhancement in wireless communication systems", Singapore Patent Application No. 9904733.4. This 
method does not involve DOA estimation and its associates and is therefore simple to implement. 
[0062] This system achieves diversity gain and beamforming gain simultaneously for flat fading environment but it 
is desirable to extend that system into a frequency selective fading environment. 

25 [0063] For mobile wireless communications without beamforming, the two ray (TR) model, typical urban (TU) model, 
and hilly terrain (HT) model are three commonly used power-delay profiles. When downlink beamforming is added, a 
power-delay-DOA profile should be considered. In picocell, microcell, and macrocell with TU model, there is less cor- 
relation between path delays and the DOAs. However, in macrocell with TR and HR models, the path delays are usually 
statistically dependent on the DOAs. We will show that for different environments, there exist different schemes to 

30 achieve combined beamforming and transmit diversity gains, as well as maximum spectrum efficiency. 

[0064] Another example of the invention utilises OFDM to obtain combined beamforming and transmit diversity. 
[0065] Combined beamforming and transmit diversity can be achieved by using OFDM for frequency selective fading 
channels. Figure 5 shows the OFDM system with combined beamforming and transmit diversity. Even though OFDM 
is selected as one example to show how the delay spread can be reduced, while yet maintaining beamforming and 

35 transmit diversity gain, other examples being other multi-carrier modulation schemes, such as MC-CDMA, MC-DS-CD- 
MA and single carrier systems with cyclic prefix. 

[0066] The transmitted signal at the kth tone of the nth block, S(n;k), is first coded at the base station using space- 
time codes in coding module 3, yielding two branch outputs, S^(n;k) and S 2 (n;k). S^(n;k) and S 2 {n;k) are passed into 
respective normal OFDM transmit processors 8,9, followed by two transmit beamformers, 10,11, (w^ and w 2 ) respec- 
40 tively. The beamforming outputs are finally combined in a combiner 13, and transmitted out through the transmit an- 
tennas 1A, 1B, 2 of the base station antenna array. 

[0067] With the base station antenna array 1A, 1B, 2, the complex baseband representation of a wireless channel 
impulse response can be described as the following vector form 

45 

- ' (14) 

50 



(13) 



where x m is the delay of the mth path resolved in time, y m p) and a d (Q m J are the complex amplitude and downlink 
steering vector corresponding to Ith DOA of the mth delay path. Because of the motion of the vehicular, y m( (*> 's are 
55 wide-sense stationary (WSS) narrow band complex Gaussian processes, which are zero-mean and statistically inde- 
pendent for different m's, or fs. Suppose all y mi ft 's have the same normalized correlation function, r(t) ( r t°) =1 ), but 
possibly different average power, a 2 , then 
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E[y mJ (t + At)y' m ;(t)] = <T 2 mJ r(At) (15) 



[0068] The Fourier transform (FT) of h(t; t) at time instant t is given by 



** ml (16) 



[0069] For an OFDM system with block length T b and tone spacing f t , the discrete value of H(t;f) is given by 



m 1 (17) 



thus the correlation function matrix of the frequency response for different times and frequencies is given by 
r d [An; Ak] = E\H d [n + An;k + Ak]H? [n;k]] = r(AnT b )£ c _yw ' T " R dJH 

m 

(18) 



where 



is the downlink channel covariance matrix corresponding to the mth delay path. Note for An = 0 and Ak = 0, 



m I (19) 



[0070] At the mobile terminal single antenna 4, the received signals are first passed into normal OFDM receive 
processor 10, followed by a permutation decoder 5. Within the normal OFDM receive processor, the FFT output be- 
comes 

X[n;k] = w" H d [rt;k]S^[n;k] + w%H d [n;k]S 2 [n;k] + W[n;k] (20) 
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X[n;ft+1] = H d [n;k+^[n;k+^+W2 H d [n;k+^S 2 [n;k+^+W[n;k+^ 



(21) 



where W[n;K\ is zero mean AWGN. 

H H 

[0071] By denoting p., = w (j HJ(n;k], p 2 = ^ 2 the beamforming weights can be estimated by maximizing the 

cost function: 



J=E|P 1 | 2 + £|P 2 | 2 



{22) 



10 



s.t. 4^1= o 



(23) 



15 



20 



[0072] Again, maximum average SNR is obtainedthrough maximizing equation (22); while condition (23) guarantees 
that p 1 and p 2 are statistically uncorrelated, thus maximum diversity gain can be achieved. 

[0073] The optimal transmit beamforming weight vectors are the eigenvectors corresponding to the two largest ei- 
genvalues of downlink channel covariance matrix (DCCM) R d . 



R d =E[H d [n;k]H?[n;k}] 



(24) 



25 



[0074] Comparing equations (20) and (21) with equations (5) and (6), with the aid of downlink beamforming, two 
uncorrelated fading channels are generated, with which the space-time decoding can be used to recoverthe transmitted 
signal. Permutation decoding method can be applied if Srfnik) and S 2 (n;k) are chosen as follows. 



30 
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t=k+1 




s{n;k) Ij2 


s\n;k+^lj2 


S 2 (n;f) 




-s*{n;k) i J2 
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[0075] A frequency calibration method for DCCM estimation for OFDM. 

[0076] In order to generate the downlink beamforming weights, it is first necessary to construct the DCCM. A fre- 
quency calibration (FC) method disclosed in Y-C. Liang and F. Chin, "Downlink beamforming methods for capacity 
enhancement in wireless communication systems", Singapore Patent Application No. 9904733.4 is applied. 
[0077] Using a similar method, we can show that the correlation function matrix of the uplink frequency response for 
different times and frequencies is given by 



45 



r u [An:Ak] - e[h u [n + An;k + [«;*]] = r^T^e'^^'R^ 

m 

(25) 



50 



where 



55 
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is the uplink channel covariance matrix corresponding to the mth delay path. Note for An = 0 and Ak = 0, 



m I (26) 



10 [0078] Comparing equations {1 9) and (26), the FC method devised in Y-C. Liang and F. Chin, "Downlink beamforming 
methods for capacity enhancement in wireless communication systems", Singapore Patent Application No. 9904733.4 
is used to estimate the DCCM from UCCM. 

[0079] This system provides diversity gain and beamforming gain for OFDM systems. In this system, the length of 
cyclic prefix is determined by the maximum physical time delay, and is the same as that in a normal OFDM system. 
15 Thus it is readily applicable to the environment in which the DOA is statistically independent of the time delay. 

[0080] When the DOA of a path is statistically related to the path delay, e.g., in TR and HR environments, one can 
not only achieve beamforming gain and diversity gain simultaneously, but also reduce the cyclic prefix, thus obtaining 
improved spectrum efficiency. 

[0081] A further example of the present invention utilises combined beamforming and transmit diversity forfrequency 
20 selective fading channels for two ray (TR) models. 

[0082] Suppose the physical channelfollows a TR model. With the base station antenna array, the complex baseband 
representation of a wireless channel impulse response can be described as the following vector form 



30 with 



W0 = Er^<0**<^) 

1 



where x m is the delay of the mth path resolved in time, y m f (f)and a d (Q m f ) are the complex amplitude and downlink 
steering vector corresponding to Ith DOA of the mth delay path. Because of the motion of the vehicular, y m f (t) 's are 
40 wide-sense stationary (WSS) narrow band complex Gaussian processes, which are zero-mean and statistically inde- 
pendent for different m's, or fs. Suppose all y m ( (t) 's have the same normalized correlation function, r(t) = 1 ), but 
possibly different average power, a then 



45 

4w (' + ^rlj <')] = <fKA0 (29) 



so [0083] ISI exists when At = t 2 - t 1 is greater than the symbol interval. With combined beamforming and diversity 
technique, if the two rays are spatially separated, it is possible to transfer a frequency selective fading channel into a 
flat fading channel, yet maintain the transmit diversity. 

[0084] Figure 6 shows a communication system with combined beamforming and transmit diversity for two-ray fre- 
quency selective fading channels. The signal to be transmitted, s(n), is first coded in a coding module 3 using space- 
55 time codes, with the two branch outputs as s^(n) and s 2 (n). srfn) is then fed through a delay 14 to delay s{n) by At, 
yielding x^n), which is further passed to transmit beamformer 11, (w,). The second branch output s 2 (n) is directly 
passed to the other transmit beamformer 12, {w 2 ). The beamforming outputs are then combined in combiner 13 and 
sent by transmit antennas 1 A, 1B, 2, yielding the transmitted signal as follows: 



(27) 



(28) 
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H H 

x{n) = w* x 1 (n) + w 2 s 2 (n) (30) 
[0085] The received signal, y(n), at the mobile terminal single antenna 4 is given by 

y(n) = w"h d ^ (n) + w"h d2 x* (n - At) 

+ w 2 h d .s 2 (n) + w 2 h d2 s 2 (n-Az) + w(n) (31) 
[0086] Denoting z(n) = yfn+Ai), and considering the pre-alignment of the two transmitted signals, gives: 

H H 

z(n) = h d 1 s,(n) + h d2 s^(n-Ax) 
+ w 2 h d 1 s 2 (n + At) + w 2 h d2 s 2 (n}+ w(n + At) (32) 

[0087] The beamforming weights are chosen such that the first branch output, s 1 (/?), just goes through the first path, 
ft d1 between the base station antenna array and the receive antenna 4; while the second branch output, s 2 {n), just 
goesthrough the second path, h d 2 between the base station antenna array and the receive antenna 4. Mathematically, 



^hJ =max 



and 



k%,2| 2 =max 



[0088] In this case the ISI terms are suppressed completely, and z(n) can be written as 

z{n) = h d ,s,{n) + w 2 h d2 s 2 (n) + w(n + At) (33) 

[0089] Thus the frequency selective fading channel is now transformed into a flat fading channel, with which the 
transmit diversity method can be applied. 

[0090] Conveniently, the transmit beamforming weights can be chosen by maximizing the average transmit SINR 
functions: 

Ji(^) = 1 „ dA 1 and J 2 {w, ) = 2 H d ' 2 2 

W<R d2 W< w 2 R dA W 2 

where 
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= 4^ i'K. w] = S )«f ) 



(34) 



i 



is the downlink channel covariance matrix of the /nth path. 

[0091] Preferably, the transmit beamforming weights can be chosen by maximizing the average receive SINR at the 
mobile receiver, i.e., 



[0092] Advantageously, the transmit beamforming weights, w m , can be chosen as the principal eigenvector of R dm . 
[0093] Again, the frequency calibration method disclosed in Y-C. Liang and F. Chin, "Downlink beamforming methods 
for capacity enhancement in wireless communication systems", Singapore Patent Application No. 9904733.4 is used 
to estimate the DCCM from UCCM directly. 

[0094] The above method for achieving combined beamforming and transmit diversity gain is called pre-alignment 
(PAL) method. The purpose of delaying s^n) by At is to make sure that the major components of the two sequences, 
s^njand s 2 (n) arrive at the receiver at the same time. Therefore, the delay spread has been reduced to zero. On the 
other hand, beamforming is used to minimize the ISI effect as well as to artificially generate two uncorrelated channels, 
with which the transmit diversity gain is achieved. 

[0095] The PAL method requires the delay information, At, which is embedded in the downlink power-delay-DOA 

(PDD) profile. Even though the PDD profile is time varying, it changes slowly in time. Also, downlink PDD profile is 

almost the same as uplink PDD profile, which can be estimated from received uplink signals. 

[0096] The PAL method can also be applied to the systems whose number of rays is grater than 2. In this case, it 

requires more than 2 branches of space-time coding outputs, and each output except the first one corresponds to one 

delay. 

[0097] If the number of space-time coding outputs is fixed, say 2, the two major rays can be selected in order to 
generate the delay, At, and the transmit beamforming weights. The direct application of this system is to reduce inter- 
fmger-interference in CDMA as the total number of fingers is reduced. 

[0098] Conventionally, when the physical channel h{k) consists of multiple rays with two major rays hrfk), h 2 (k) de- 
layed by At, the beamforming weights are chosen such that the delayed signal only goes through one ray h^{k) between 
the base station multiple transmit antennae and the receive antenna, whilst the undelayed signal only goes through 
another ray h 2 (k) between the base station multiple transmit antennae and the receive antenna. 
[0099] Advantageously, when the physical channel h{k) consists of multiple rays with two major rays h^k), h 2 (k) 
delayed by At , the beamforming weights are chosen such that the average transmit SINR function at the base station 
is maximized for each ray. 

[0100] Preferably, when the physical channel h{k) consists of multiple rays with two major rays hrfk), h 2 (k) delayed 
by At, the beamforming weights are chosen such that the average receive SINR function at the mobile terminal is 
maximized. 

[0101] Another example of the present invention utlises OFDM with combined beamforming and transmit diversity 
for frequency selective fading channels for two ray (TR) models. 

[0102] There is a direct use of delay spread reduction in OFDM. In a typical OFDM system, a cyclic prefix is added 
in order to remove the ISI and to guarantee the orthogonality between each sub-channel. The length of the cyclic prefix 
should be greater than the maximum time delay, which can be as large as 40 u^s for a mobile wireless communication 
environment. The adding of the cyclic prefix not only degrades the spectrum efficiency, but also occupies one portion 
of the transmit power. The spectrum efficiency and power efficiency of the OFDM system can be greatly improved if 
the cyclic prefix can be reduced while maintaining the same performance. 

[0103] Suppose the physical channel follows a TR model with parameters (cu,B k /z k ), k = 1,2 and t 1 <t 2 . cx^'s are 
statistically independent, zero mean complex Gaussian processes with variance a^. ISI exists when At = t 2 -t 1 is greater 
than the inverse of bandwidth. 

[0104] Figure 7 illustrates an OFDM system with combined beamforming and transmit diversity for TR models em- 
bodying the present invention. The transmitted signal at the /rth tone of the nth block, S(n;k), is first coded using space- 
time codes in coding module 3, yielding two branch outputs, S^{n;k) and S 2 {n;k). Both branch outputs S^nik) and S 2 
(n;k) are passed into respective OFDM transmit processors 8,9 without adding cyclic prefixes. S^nik) is then delayed 




(35) 
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in delay 14 by At , yielding X^(n;k), which is further passed to transmit beamformer 11 , (w^). The second branch output 
S 2 (n;k) is directly passed to the other transmit beamformer 12, (w 2 ). The beamforming outputs are then combined and 
sent on the base station transmit antenna array 1 A, 1 B, 2, yielding the transmitted signal as follows: 



x{n;k) = v/f x^{n;k) + w 2 s 2 {n; fc ) 



(36) 



[0105] At the mobile terminal single antenna 4, the received signals are first passed into a normal OFDM receive 
processor 10. The beamforming weights are chosen such that the first branch output, S^(n;k) or its inverse FFT(IFFT), 
10 s^(n;k), just goes through the first path, h^(n;k) between the base station antenna array and the receive antenna 4; 
while the second branch output, S 2 (n;k) or its inverse FFT (IFFT), s 2 (n;k), just goes through the second path, h^(n;k) 
between the base station antenna array and the receive antenna 4. Once the transmit beamforming weights are properly 
chosen, the FFT output of the received signal at the mobile station becomes 
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Z[n;k] = H l [w;*]5 1 [w;Jt] + wf H 2 [n;kyS 2 [nik] + W[n;k + l&tf t i 



(37) 
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[01 06] Comparing equation (37) with equation (5), with the aid of downlink beamforming, two different channels have 
been artificially created which can be space-time decoded by module 5 to recover the transmitted signal. Further, 
permutation decoding method can be easily applied \f S^(n;k) and S 2 (n;k) are chosen as follows. 
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[0107] When PAL is applied to an OFDM system with combined beamforming and transmit diversity for TR models, 
it is not necessary to add the cyclic prefix. Thus benefiting from the advantages of: transmit diversity; beamforming 
gain; and increased spectrum efficiency. 

[0108] Conveniently, the transmit beamforming weights can be chosen by maximizing the average transmit SINR 
functions. 

[0109] Preferably, the transmit beamforming weights can be chosen by maximizing the average receive SINR at the 
mobile receiver. 

[01 1 0] Advantageously, the transmit beamforming weights, w m , can be chosen as the principal eigenvector of R dm . 
[01 1 1] Again, the frequency calibration method disclosed in Y-C. Liang and F. Chin, "Downlink beamforming methods 
for capacity enhancement in wireless communication systems", Singapore Patent Application No. 9904733.4 is used 
to estimate the DCCM from UCCM directly. 

[0112] A comparison of the spectrum efficiency and power savings by using this delay spread reduction method will 
follow. 

[0113] A further example of the invention utilises OFDM with combined beamforming and transmit diversity for fre- 
quency selective fading channels for hilly terrain {HT) models. 

[0114] Even though the maximum time delay can be as large as 40 ^ IS , a wireless channel satisfying HT model can 
be described by several dominated clustered paths, each of which has a small delay spread. These clustered paths 
are also spatially separated. For an OFDM with typical HT power-delay profile whose maximum time delay is 20 u^s, 
and maximum delay spread for each clustered path is 2 \is, the minimum length of cyclic prefix is 20^ LS in order to 
remove the ISI. However, with the PAL method, the cyclic prefix duration can be reduced to 2 u.s . 
[01 1 5] Suppose the two clustered paths are delayed by \|/,and for simplicity, assume the delay spread for each clus- 
tered path is Av- The impulse response of the time varying channel can be described as 
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h(t ■ t) = ^ (r; t)[u(t) -u(r-Ay/)] + h 2 (t; r - p)[u(t -y/)-u(r-yf-&.yfj\ 

(38) 

where /? 1 (£t) and /? 2 (f; t) correspond to the channel responses of the first and second clustered paths, respectively; 
and u{x) is a unit step function.. 

[01 1 6] Figure 8 shows an OFDM system embodying the present invention with combined beamforming and transmit 
diversity for hilly terrain {HT) model in encoder module 3. The signal to be transmitted at the kth tone of the nth block, 
S(n;k), is first coded using space-time codes in encoder module 3, yielding two branch outputs, Srfnik) and S 2 (n;k) 
which are passed into respective normal OFDM transmit processors 8,9, whose cyclic prefix length is A\|/, instead of 
\\f + A\|f. The output from the first branch is then delayed by \|/ in delay 15, while the output from the second branch 
remains unchanged. After that, the signals are passed into respective transmit beamformers 11,12, {w^ and w 2 ), re- 
spectively. The beamforming outputs are then combined in combiner 13, and transmitted out through the base station 
transmit antenna array 1A, 1 B, 2. 

[0117] The beamforming weights are chosen such that the first branch input just goes through the first clustered 
path, while the second branch input just goes through the second clustered path - i.e. the beamforming weights are 
chosen such that the first branch output, s^n), just goes through the first path, /r di1 between the base station antenna 
array and the receive antenna 4; while the second branch output, s 2 (n), just goes through the second path, h d 2 between 
the base station antenna array and the receive antenna 4. The signals received at the mobile terminal single antenna 
4 are first passed into a normal OFDM receive processor 10, followed by a space-time decoding module 5. Within the 
normal OFDM receive processor 10, the received signal after FFT becomes 

Z[n;k] = nf H 1 [n;k}S l lmk] + wf F,[«;A]5 2 [«;A:] + fr[«;A:+L^J 

(39) 

where L xJdenotes the maximum integer which is not greater than x. Comparing equation (39) with equation (5), with 
the aid of downlink beamforming, two different channels have been artificially generated, which are space-time decoded 
to recoverthe transmitted signal. Permutation decoding methods can be easily applied if S 1 (n;k) and S 2 (n;k) are chosen 
as follows. 





t=k 


t=k+1 




s(n;k) Lj2 


s{n;k+^/j2 


S 2 (n;t) 


s(n;k+ 1)/^2 


-s\n;k)Lj2 



[0118] Conveniently, the transmit beamforming weights can be chosen by maximizing the average transmit SINR 
functions. 

[0119] Preferably, the transmit beamforming weights can be chosen by maximizing the average receive SINR at the 
mobile receiver. 

[01 20] Advantageously, the transmit beamforming weights, w m , can be chosen as the principal eigenvector of R d m . 
[0121] As previously mentioned, there follows a comparison the spectrum efficiency of a OFDM system with different 
cyclic prefix lengths. 

[0122] The parameters are Bandwidth B = 800 kHz, maximum time delay = 40. For HT models, the maximum delay 
spread for each clustered path is 5. To make the tones orthogonal to each other, the symbol duration is NIB, where N 
is the number of tones in each OFDM symbol. The total block length is the summation of the symbol duration and the 
additional guard interval, which is 40, 5, and 0 for OFDM without PAL, HT with PAL and TR with PAL, respectively. 
[0123] Table I illustrates the uncoded transmit data rate for OFDM systems with different number of tones using 
QPSK modulation. It is seen that, for a given modulation scheme and with the same number of tones, the transmit 
data rate can increase to 1.6Mbps for TR environments by using PAL, independent of the N value. For HT with PAL, 
the spectrum efficiency is also increased as compared with that without PAL. 
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Table I: 



transmit data rate comparison 




N=128 


N=64 


N=32 


Without PAL 


1.28 Mbps 


1.07 Mbps 


800 kbps 


HT with PAL 


1.55 Mbps 


1.51 Mbps 


1.42 Mbps 


TRwith PAL 


1.6 Mbps 


1.6 Mbps 


1.6 Mbps 



[0124] Here follows a comparison of the power savings|or OFDM with different lengths of cyglic prefix: 

[01 25] Due to the adding of a cyclic prefix, the effective — is smaller than the actual transmit — . With delay spread 

reduction, the transmit power is more efficiently used. TaKfe II illustrates the power savings for^FDM systems with 

delay spread reduction using PAL for different number of tones in each OFDM block, as compared to normal OFDM 

systems. 



Table II: 



Power savings 




N=128 


N=64 


N=32 


HT with PAL 


0.84 dB 


1.5 dB 


2.5 dB 


TRwith PAL 


0.97 dB 


1.76 dB 


3.0 dB 



25 Beamforming and diversity gain: 

[0126] With combined beamforming and diversity gain, it takes less — in order for the system to achieve a given bit- 
error-rate (BER) requirement. Alternatively, the beamforming and divefeity gain can be translated to larger spectrum 
efficiency using higher modulation scheme such as 128 QAM or 256 QAM. 
30 [0127] A further embodiment of the present invention relates to adaptive delay spread reduction with combined beam- 
forming and diversity gain: 

[01 28] The previously described embodiments are designed for different environments. In real applications, the pow- 
er-delay-DOA {PDD) profile may change with respect to time due to the motion of a vehicle, thus the delay spread 
reduction scheme should follow this variation accordingly in order to achieve maximum spectrum efficiency. Figure 9 
35 shows an OFDM system with combined beamforming, transmit diversity and adaptive delay spread reduction for down- 
link embodying the present invention. The OFDM system of Figure 9 comprises the system of Figure 8 but supple- 
mented by UCCM estimation and power-delay-DOA profile estimation. Thus, in addition to the functionality provided 
by the system of Figure 8, this system has the following functionality. 



40 • From uplink signals received at the base station, the time-delay and direction-of-arrival (DOA) information is esti- 
mated for each received path, using training sequences or blind techniques. Based on the estimated time-delay 
and DOA information, uplink power-delay-DOA (PDD) profile, and each clustered path's UCCM are estimated; 
Based on uplink PDD profile, the following parameters are determined: diversity order, time delays for each clus- 
tered path, and the maximum delay spread for the clustered paths. 

45 * The uplink PDD profile is used to design the adaptive delay reduction scheme, thus the adaptive cyclic prefix 
adding scheme; 

• Each clustered path's DCCM is estimated from its corresponding UCCM using FC method disclosed in Y-C. Liang 
and F. Chin "Downlink beamforming methods for capacity enhancement in wireless communication systems", 
Singapore Patent Application No. 9904733.4, then applied, together with time delay information, for constructing 

so transmit beamforming weights; 

The base station informs the MS the length of added cyclic prefix; 

• Adaptive modulation is also used to further improve the spectrum efficiency based on the diversity order/channel 
condition. Specifically, based on uplink PDD profile, the maximum achievable diversity order is determined. If the 
achievable diversity order is large, a higher modulation scheme is applied; otherwise, a smaller modulation scheme 

55 is applied. 

[0129] It should be noted that the number of branch outputs after space-time coding in module 3 can be greater than 
two, depending on the diversity order to be achieved. 
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[0130] The above description considers the combined beamforming, transmit diversity and delay spread reduction 
implemented at the base station. In fact, multiple diversity antennas can be added at the mobile terminal as well to 
achieve receive diversity. In this case, larger diversity gains can be achieved: 

[0131] Even though OFDM is used to show how the delay spread can be reduced, while yet maintaining beamforming 
5 and transmit diversity gain, the disclosure in this application can be applied to other multi-carrier modulation schemes, 
such as MC-CDMA, MC-DS-CDMA and single carrier systems with cyclic prefix. 

[0132] In a multiuser environment, the beamforming weights can be generated by considering all users' channel/ 
DOA information; therefore, the disclosure in this application is applicable in different multiple access schemes, such 
as time-division-multiple-access (TDMA), frequency-division-multiple-access (FDMA), and code-division-multiple-ac- 
10 cess (CDMA). 

"comprising" means "including or consisting of. 

[0133] The features disclosed in the foregoing description, or the following claims, or the accompanying drawings, 
expressed in their specific forms or in terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any combination of such features, be utilised 
15 for realising the invention in diverse forms thereof. 



Claims 

20 1 . A method of achieving transmit diversity gain for frequency selective fading channels in a communication system 
having a base station with multiple transmit antennae and a mobile terminal with at least a single receive antenna, 
the method comprising the steps of: 

providing a signal to be transmitted s(n); 
25 space-time encoding the signal s(n) to produce at least two separate signals s 1 (n),s 2 (n), each on a respective 

output; 

feeding each output signal s 1 (n),s 2 (n) to a zero-forcing pre-equaliser having a respective function g^k), g 2 (k) 
to produce an output signal xrfn), x 2 (n); 

feeding the output signal xrfn), x 2 (n) of each pre-equaliser to a transmit antenna; 
30 transmitting the output signals xrfn), x 2 (n) over respective physical channels h^k), h 2 (k); 

receiving the output signals Xf(n), x 2 (n) at at least a single receive antenna; and space-time decoding the 
received signals, wherein 

the functions grfk), g 2 (k) of the zero-forcing pre-equalisers are selected such that the channel responses g 1 
(kfh^s), g 2 (k)*h 2 (k) of the respective physical channels hrfk), h 2 (k) are flat fading channels. 

35 

2. A method according to Claim 1, wherein the communications system is a time-division duplex system and the 
method includes the further step of deriving the real channel coefficients from uplink channel coefficients for use 
in selecting the functions grfk), g 2 (k) of the pre-equalisers. 

40 3. A method according to Claim 2, wherein the step of deriving the real channel coefficients from uplink channel 
coefficients uses training symbols from the uplink channel. 

4. A method according to Claim 2, wherein the step of deriving the real channel coefficients from uplink channel 
coefficients uses blind techniques. 

45 

5. A method according to Claim 1, wherein the communications system is a frequency-division duplex system and 
the method includes the further step of deriving the real channel coefficients by sending a set of training symbols 
to the receive antenna of the mobile terminal, the mobile terminal estimating the real channel coefficients and 
feeding back channel coefficient information to the base station. 

50 

6. A base station with multiple transmit antennae for communicating with a mobile terminal having at least a single 
receive antenna over physical channels hrfk), h 2 (k) the base station comprising: 

a space-time encoder having an input of a signal to be transmitted s(n) and at least two outputs each producing 
55 a separate signal srfnj^^n); 

at least two zero-forcing pre-equalisers, each fed by a respective output signal srfnj^fn) and having a re- 
spective function g^k), g 2 (k) to produce an output signal x^n), x 2 (n); and 

at least two transmit antennae, each being fed by the output signal x^n), x 2 (n) of a respective one of the pre- 
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equalisers, wherein the functions grfk), g 2 (k) of the zero-forcing p re-equalisers are selected such that the 
channel responses grfkj^hrfk), g 2 (k)*h 2 (k) of the respective physical channels hrfk), h 2 (k) a re flat fading chan- 
nels. 

5 7. A communications system comprising the base station of Claim 6 and a mobile terminal having at least a single 
receive antenna and a space-time decoder to decode the signals received from the base station. 

8. A method of achieving combined beamforming and transmit diversity for frequency selective fading channels in a 
communication system having a base station with multiple transmit antennae and a mobile terminal with at least 
10 a single receive antenna, the method comprising the steps of: 

providing a signal to be transmitted S(n;k); 

space-time encoding the signal S(n;k) to produce at least two separate signals Srfnkj^^nk), each on a 
respective output; 

*5 feeding each output signal S^mkj^^mk) to a transmit processor to produce an output signal X^mk), X 2 (n;k)\ 

applying respective selected transmit beamforming weights to each output signal X^mk), X 2 (n;k); 
feeding the respective weighted signals to a signal combiner to perform a summing function of the signals and 
produce a signal X{n;k) for transmission; 

feeding the summed signal X{n;k) to each of the multiple transmit antennae for transmission; 
20 transmitting the signals X(n;k) over physical channel h(n;k); 

receiving the received signal Y{n;k) at at least a single receive antenna; 

feeding the received signal Y(n;k)to a receive processor to produce an output signal; and 

space-time decoding the received signal. 

25 9. A method according to Claim 8, wherein the respective transmit beamforming weights are selected as the eigen- 
vectors corresponding to the two largest eigenvalues of the downlink channel covariance matrix (DCCM) of the 
physical channels h{r\;k). 

10. A method according to Claim 8, wherein the physical channel h{n;k) consists of two time-delayed rays, h^nik) and 
30 h 2 (n;k), with delay At, the transmit processors do not add cyclic prefixes and one of the output signals from the 

transmit processors is delayed by At before the respective selected transmit beamforming weight is applied thereto. 

1 1 . A method according to Claim 8, wherein the physical channel ft{n;k) consists of two time-delayed rays, (n;k) and 
h 2 (n;k), with delay At , the beamforming weights being chosen such that the delayed signal or its inverse fast 

35 Fourier transform (IFFT)only goes through one channel h^(n;k) between the base station multiple transmit anten- 

nae and the receive antenna, whilst the undelayed signal or its IFFT only goes through another channel h 2 (n;k) 
between the base station multiple transmit antennae and the receive antenna, thereby creating two different chan- 
nels which can be space-time decoded to recover the transmitted signal. 

40 12. A method according to Claim 8, wherein the physical channel ft{n;k) consists of two time-delayed rays, h^(n;k) and 
h 2 (n;k), with delay At, the beamforming weights being chosen such that the average transmit SINR function at the 
base station is maximized for each ray. 

13. A method according to Claim 8, wherein the physical channel ft{n;k) consists of two time-delayed rays, h^(n;k) and 
45 h 2 (n;k), with delay At, the beamforming weights being chosen such that the average receive SINR function at the 

mobile terminal is maximized. 

14. A method according to Claim 8, wherein the physical channel fr{n;k) consists of two time-delayed rays, h^(n;k) and 
h 2 (n;k), with delay At, the beamforming weights for each ray are chosen as the principal eigenvector of the downlink 

so channel covariance matrix (DCCM) corresponding to that ray. 

15. A method according to Claim 8, wherein the physical channel ft{n;k) consists of two time-delayed clustered rays, 
h^(n;k) and h 2 (n;k), with delay \\f, and maximum excess delay for the clusters A\|/, the transmit processors have a 
cyclic prefix length of A\jf and one of the output signals from the transmit processors is delayed by y before the 

55 respective selected transmit beamforming weight is applied thereto. 

16. A method according to Claim 1 5, wherein the beamforming weights are chosen such that the delayed signal or its 
inverse fast Fourier transform (IFFT) only goes through one channel h A (n;k) between the base station multiple 



19 



EP 1 379 020 A1 



transmit antennae and the receive antenna, whilst the undelayed signal or its IFFT only goes through another 
channel h 2 (n;k) between the base station multiple transmit antennae and the receive antenna, thereby creating 
two different channels which can be space-time decoded to recover the transmitted signal. 

5 17. A method according to Claim 15, wherein the beamforming weights being chosen such that the average transmit 
SINR function at the base station is maximized for each clustered ray. 

18. A method according to Claim 15, wherein the beamforming weights being chosen such that the average receive 
SINR function at the mobile terminal is maximized. 

10 

19. A method according to Claim 15, wherein the beamforming weights for each clustered ray are chosen as the 
principal eigenvector of the downlink channel covariance matrix (DCCM) corresponding to that clustered ray. 

20. A method according to Claim 1 5, comprising the further steps of: 

15 

estimating a power-delay-DOA profile for channel h{n;k); and, based on the profile: determining the cyclic 
prefix, A\\f, to be added by the transmit processors; determining the delay x\r, diversity order and modulation 
scheme; and determining the transmit beamforming weights. 

20 21 . A method according to Claim 20, comprising the further step of estimating the downlink channel covariance matrix 
(DCCM) from the uplink channel covariance matrix (UCCM) to construct transmit beamforming weights. 

22. A method according to Claim 21, comprising the further step of determining the diversity order and modulation 
scheme based on the profile. 

25 

23. A method according to Claim 8, wherein the transmit and receive processors are selected from the group consisting 
of: OFDM, MC-CDMA MC-DS-CDMA and a single carrier system with cyclic prefix. 

24. A base station with multiple transmit antennae for communicating with a mobile terminal having at least a single 
30 receive antenna over physical channel h(k), the base station comprising: 

a space-time encoder having an input of a signal to be transmitted and at least two outputs each producing a 
separate signal; 

at least two transmit processors each receiving one of the outputs from a respective space-time encoder; 
35 at least two transmit beamformers each receiving an output from a respective transmit processor and applying 

a transmit beamforming weight thereto; 

a signal combiner receiving signals from the beamformers and operable to perform a summing function of the 
signals from the beamformers and produce a signal for transmission by the multiple transmit antennae. 

40 25. A base station according to Claim 24, wherein the physical channel fr(n;k) consists of two time-delayed rays, /r 1 
(n;k) and h 2 (n;k), with delay At, further comprising a delay of At interposed between one of the multiple access 
transmit processor outputs and a beamformer to delay the signal output from the transmit processor by At before 
the respective selected transmit beamforming weight is applied thereto, wherein the transmit processors do not 
add cyclic prefixes. 

45 

26. A base station according to Claim 24, wherein the physical channel /?{n;k) consists of two time-delayed clustered 
rays, h^(n;k) and h 2 (n;k), with delay and maximum excess delay for the clusters A\|f, further comprising a delay 
of \\f interposed between one of the multiple access transmit processor outputs and a beamformer to delay the 
signal output from the transmit processor by y before the respective selected transmit beamforming weight is 

so applied thereto, the transmit processors having a cyclic prefix length of A\\f. 

27. A base station according to Claim 24, further comprising a first processor to determine a power-delay-DOA profile 
estimate for channel h(n;k); and, based on the profile, determine: the length, A\\f, of the cyclic prefix to be added 
by the transmit processors; the delay diversity order and modulation scheme; and the transmit beamforming 

55 weights. 

28. A base station according to Claim 27, further comprising a second processor to estimate a downlink channel 
covariance matrix (DCCM) from the uplink channel covariance matrix (UCCM) to construct transmit beamforming 
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weights. 

29. A base station according to Claim 15, wherein the transmit and receive processors are selected from the group 
consisting of: OFDM, MC-CDMA MC-DS-CDMA and single carrier system with cyclic prefix. 

5 

30. A communications system comprising the base station of Claim 24 and a mobile terminal having at least a single 
receive antenna, a receive processor to produce an output signal and a space-time decoder to decode the output 
signal. 

10 31 . A method of achieving combined beamforming and transmit diversity for frequency selective fading channels in a 
communication system having a base station with multiple transmit antennae and a mobile terminal with at least 
a single receive antenna, the method comprising the steps of: 

providing a signal to be transmitted s(n); 
15 space-time encoding a signal to be transmitted s(n) to produce at least two separate signals s 1 (n),s 2 (n), each 

on a respective output; 

delaying one of the space-time encoded output signals by At ; 

applying respective selected transmit beamforming weights to the delayed and undelayed signals; 
feeding the respective weighted signals to a signal combiner to perform a summing function of the signals and 
20 produce a signal for transmission; 

feeding the summed signal to each of the multiple transmit antennae for transmission; 
transmitting the summed signals over the physical channel /?(k); 

receiving the major components of the transmitted signals at at least a single receive antenna at substantially 
the same time; and 
25 space-time decoding the received signal. 

32. A method according to Claim 31, wherein the physical channel h{k) consists of two time-delayed rays h^k), h 2 (k) 
with delay At, the beamforming weights are chosen such that the delayed signal only goes through one ray h 1 (k) 
between the base station multiple transmit antennae and the receive antenna, whilst the undelayed signal only 

30 goes through another ray h 2 (k) between the base station multiple transmit antennae and the receive antenna. 

33. A method according to Claim 31, wherein the physical channel h{k) consists of two time-delayed rays hrfk), h 2 (k) 
with delay At, the beamforming weights are chosen such that the average transmit SINR function at the base 
station is maximized for each ray. 

35 

34. A method according to Claim 31, wherein the physical channel h{k) consists of two time-delayed rays hrfk), h 2 (k) 
with delay At, the beamforming weights are chosen such that the average receive SINR function at the mobile 
terminal is maximized. 

40 35. A method according to Claim 31 , wherein the physical channel h{k) consists of two time-delayed rays hrfk), h 2 (k) 
with delay At, the beamforming weights for each ray are chosen as the principal eigenvector of the downlink 
channel covariance matrix {DCCM) corresponding to that ray. 

36. A method according to Claim 31 , wherein the physical channel h{k) consists of two time-delayed rays hrfk), h 2 (k) 
45 with delay At, the delay At is derived from downlink channel information. 

37. A method according to Claim 31 , wherein the physical channel h{k) consists of two time-delayed rays h^k), h 2 (k) 
with delay At, the delay At is derived from uplink channel information. 

50 38. A method according to Claim 31, wherein the physical channel h(W) consists of multiple rays with two major rays 
hrfk), h 2 (k) delayed by At, the beamforming weights are chosen such that the delayed signal only goes through 
one ray /7 1 (k) between the base station multiple transmit antennae and the receive antenna, whilst the undelayed 
signal only goes through another ray h 2 (k) between the base station multiple transmit antennae and the receive 
antenna. 

55 

39. A method according to Claim 31, wherein the physical channel h{k) consists of multiple rays with two major rays 
hrfk), h 2 (k) delayed by At , the beamforming weights are chosen such that the average transmit SINR function at 
the base station is maximized for each ray. 
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40. A method according to Claim 31, wherein the physical channel h{k) consists of multiple rays with two major rays 
hrfk), h 2 (k) delayed by At, the beamforming weights are chosen such that the average receive SINR function at 
the mobile terminal is maximized. 

41. A method according to Claim 31, wherein the physical channel /?{k) consists of multiple rays with two major rays 
h^k), h 2 (k) delayed by At, the beamforming weights for each ray are chosen as the principal eigenvector of the 
downlink channel covariance matrix (DCCM) corresponding to that ray. 

42. A method according to Claim 31, wherein the physical channel /?{k) consists of multiple rays with two major rays 
hrfk), h 2 (k) delayed by At, the delay At is derived from downlink channel information. 

43. A method according to Claim 31, wherein the physical channel /?{k) consists of multiple rays with two major rays 
hrfk), h 2 (k) delayed by At, the delay At is derived from uplink channel information. 

44. A base station with multiple transmit antennae for communicating with a mobile terminal having at least a single 
receive antenna over physical channel h(k) having two time-delayed rays, hrfk) and h 2 (k), the base station com- 
prising: 

a space-time encoder having an input of a signal to be transmitted and at least two outputs each producing a 
separate signal; 

at least two transmit beamformers each receiving an output from the space-time encoder and applying a 
transmit beamforming weight thereto; 

a signal combiner receiving signals from the beamformers and operable to perform a summing function of the 
signals from the beamformers and produce a signal fortransmission by each of the multiple transmit antennae, 
wherein a delay of At is interposed between the space-time encoder and one of the beamformers such that 
the major components of the transmitted signals are received at at least a single receive antenna at substan- 
tially the same time. 

45. A communications system comprising the base station of Claim 24 and a mobile terminal having at least a single 
receive antenna and a space-time decoder to decode the received signal. 
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Description 

[0001] The present invention relates to orthogonal frequency division multiplexing (OFDM) communication, and more 
particularly, to an OFDM communication method and apparatus adapted to channel characteristics. 
5 [0002] With a variety of environments in which a communication method is used, the communication method is 
required to be effective even if Doppler frequency or delay spread changes. However, since an optimum physical layer 
varies with channel change speed and delay spread, it is difficult to efficiently support a communication method using 
a single physical layer. Accordingly, a hierarchical cell including a variety of cells is used in a single communication 
method. 

10 [0003] When using such a hierarchical cell, channels for users corresponding to different layers have different char- 
acteristics. For example, when a cell has a large radius, delay spread is long, and a channel change speed is fast. 
Accordingly, if the same modulation method is applied to different layers, a communication method cannot be adapted 
to the channel characteristics. In order to overcome this problem, a conventional communication method uses OFDM 
when the channel change speed is slow and uses code division multiple access (CDMA) when the channel change 

15 speed is fast. As described above, when using the conventional communication method, two modems of different types 
need to be provided for a terminal. Accordingly, the conventional communication method increases the complexity of 
transmitter and receiver of a terminal. In addition, since signals having different spectrum characteristics are used, the 
conventional communication method is difficult to develop, and radio resource management such as handover and 
association is difficult. 

20 [0004] According to an aspect of the present invention, there is provided an OFDM communication method adapted 
to channel characteristics, including changing at least one of a length of a transmission symbol, a format of a frame, 
and a format of the transmission symbol depending on a type of the transmission symbol and a radius of a cell, in 
which communication is performed. 

[0005] The invention thus provides an orthogonal frequency division multiplexing (OFDM) communication method 
25 through which at least one of the length of a transmission symbol, the format of a transmission symbol, and the format 
of a frame is changed to adapt to channel characteristics such as channel change speed and channel spread. 
[0006] According to another aspect of the present invention, there is provided an OFDM communication apparatus 
adapted to channel characteristics, including a symbol inspector, which inspects a type of a transmission symbol and 
outputs the result of the inspection as a first control signal; and a symbol and format converter, which changes at least 
30 one of a length of a transmission symbol, a format of a frame, and a format of the transmission symbol in response to 
the first control signal and a radius of a cell, in which communication is performed. 

[0007] The invention thus also provides an OFDM communication apparatus for performing the OFDM communica- 
tion method of the invention, which is adapted to the channel characteristics. 

[0008] The above and other features and advantages of the present invention will become more apparent by de- 
35 scribing in detail preferred embodiments thereof with reference to the attached drawings in which: 

FIG. 1 is a flowchart of an orthogonal frequency division multiplexing (OFDM) communication method adapted to 

channel characteristics according to a first embodiment of the present invention; 

FIG. 2 is a diagram showing an example of a single frame including symbols having various lengths; 
40 FIG. 3 is a flowchart of an OFDM communication method adapted to channel characteristics according to a second 

embodiment of the present invention; 

FIG. 4 is a diagram showing an example of a macro format; 

FIG. 5 is a diagram showing an example of a micro format; 

FIG. 6 is a diagram showing an example of a pico format; 
45 FIG. 7 is a flowchart of an embodiment of step 16 shown in FIG. 1 according to the present invention; 

FIG. 8 is a diagram showing a hierarchical cell structure; 

FIG. 9 is a diagram showing an example of a usual multiplex carrier wave transmission symbol; 

FIG. 10 is a diagram showing another example of a usual multiplex carrierwave transmission symbol; 

FIG. 11 is a diagram showing still another example of a usual multiplex carrier wave transmission symbol; 
so FIG. 12 is a block diagram of an OFDM communication apparatusfor performing an OFDM communication method 

of the present invention, according to an embodiment of the present invention; 

FIG. 13 is a block diagram of an embodiment of asymbol and format converter shown in FIG. 12; 

FIG. 14 is a block diagram of another embodiment of the symbol and format converter shown in FIG. 12; 

FIG. 15 is a block diagram of a first converter shown in FIG. 13; 
55 FIG. 16 is a graph showing changes in a bit error rate with respect to changes in Doppler frequency; and 

FIG. 17 is a graph showing changes in a bit error rate with respect to changes in the number of carrier waves. 

[0009] Hereinafter, preferred embodiments of an orthogonal frequency division multiplexing (OFDM) communication 
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method to adapt to channel characteristics according to the present invention will be described in detail with reference 
to the attached drawings. In an OFDM communication method to adapt to channel characteristics according to the 
present invention, at least one of the length of a transmission symbol, the format of a frame, and the format of a 
transmission symbol is changed depending on a type of transmission symbol and the radius of a cell, in which com- 

5 munication is performed. 

[0010] Channel variation is usually measured in terms of Doppler frequency multiplied by the length of an OFDM 
symbol, denoted as fdTs (fd: Doppler frequency in Hz, Ts; symbol duration in seconds). When fdTs is less than 0.01, 
the effect of channel variation on the detection performance is negligible. However, when fdTs becomes greater than 
0.01, the effect becomes noticeable. Generally speaking, a fast channel change speed is when fdTs is greater than 

10 0.01, though this is not a hard and fast rule. 

[001 1] Likewise, the channel length is measured by the delay spread of a channel, which is the time delay incurred 
from when the first signal components arrive at the receiver to when the last signal components arrive at the receiver. 
For example, if the last signal arrives at the receiver 0.01 seconds after the first signal arrived at the receiver, the length 
of the channel is 0.0 1 seconds. Along, medium or short channel isa relative measure utilized inthe industry to describe 

15 this relative channel length. For example, if the default symbol length is 0.1 msec, a 0.1-msec channel is considered 
to be a long channel, a 0.01-msec channel is considered to be a medium channel, and a 0.001-msec is considered to 
be a short channel. In other words, when the length of a channel, divided by the length of the default OFDM symbol, 
is more than 10%, it is considered to be a long channel. 

[0012] FIG. 1 is a flowchart of an OFDM communication method to adapt to channel characteristics according to a 
20 first embodiment of the present invention. The OFDM communication method according to the first embodiment in- 
cludes determining the length of a transmission symbol depending on a type of transmission symbol and a cell radius 
(steps 10 through 22). 

[0013] FIG. 2 is a diagram showing an example of a single frame 40, in which symbols having various lengths are 
mixed. The single frame 40 includes first symbols 42 and 44, second symbols 50 and 52, third symbols 54, 56, 58, 
25 and 60, a fourth symbol 48, and a fifth symbol 46. 

[0014] In the OFDM communication method according to the first embodiment of the present invention shown in 
FIG. 1 , the length of a transmission symbol is changed depending on a type of transmission symbol and the radius of 
a cell, in which communication is performed. 

[001 5] More specifically, it is determined whether a transmission symbol is a symbol that is used for a control channel 
30 in step 10. If it is determined that the transmission symbol is the symbol that is used for the control channel, the first 
symbol 42 or 44 shown in FIG. 2 is determined as the transmission symbol in step 12. The first symbol 42 or 44 contains 
control information and has a length A. In other words, if it is determined that the transmission symbol is the symbol 
that is used for the control channel, the length of the transmission symbol is set to A. As described above, when a 
large amount of data is not necessary or when it is necessary to finely divide time, as in random access or control, the 
35 relatively short length A is determined as the length of a transmission symbol. 

[0016] If it is determined that the transmission symbol is not the symbol that is used for the control channel, it is 
determined whether a cell radius is greater than a first predetermined value in step 14. If it is determined that the cell 
radius is greater than the first predetermined value, the second symbol 50 or 52 or the third symbol 54, 56, 58, or 60 
shown in FIG. 2 is determined as the transmission symbol in step 16. The second symbol 50 or 52 has a length B and 
40 is suitable to channel characteristics, in which a channel change speed is slow and the length of a channel is long. 
The third symbol 54, 56, 58, or 60 has a length C and is suitable to channel characteristics, in which a channel change 
speed is fast and the length of a channel is long or short. In other words, if it is determined that the cell radius is greater 
than the first predetermined value, the length of the transmission symbol is set to B or C. 

[001 7] However, if it is determined that the cell radius is not greater than the first predetermined value, it is determined 
45 whetherthecell radius is greater than a second predetermined value in step 18. Here, the second predetermined value 
is less than the first predetermined value. If it is determined that the cell radius is greater than the second predetermined 
value, the fourth symbol 48 shown in FIG. 2 is determined as the transmission symbol in step 20. The fourth symbol 
48 has a length D and is suitable to channel characteristics, in which a channel change speed and the length of a 
channel are medium. In other words, if it is determined that the cell radius is not greater than the first predetermined 
so value but greater than the second predetermined value, the length of the transmission symbol is set to D. 

[0018] However, if it is determined that the cell radius is not greater than the second predetermined value, the fifth 
symbol 46 shown in FIG. 2 is determined as the transmission symbol in step 22. The fifth symbol 46 has a length E 
and is suitable to channel characteristics, in which a channel change speed is slow and the length of a channel is short. 
In other words, if it is determined that the cell radius is not greater than the second predetermined value, the length of 
55 the transmission symbol is set to E. 

[001 9] According to the present invention, the length D of the fourth symbol 48 is shorter than the length B of the 
second symbol 50, and each of the lengths A, C, and E of the respective first, third, and fifth symbols 42, 54, and 46 
is shorter than the length D of the fourth symbol 48. In addition, according to the present invention, each of the lengths 
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B, C, D, and E of the respective second, third, fourth, and fifth symbols 50, 54, 48, and 46 may be an integer multiple 
of the length A of the first symbol 42, and each of the lengths B, C, and D of the respective second, third, and fourth 
symbols 50, 54, and 48 may be an integer multiple of the length E of the fifth symbol 46. 

[0020] In order to change the length of a transmission symbol, as shown in FIG. 1 , the present invention changes 
5 the number of carrier waves while fixing an entire signal bandwidth. The entire signal bandwidth indicates the result 
of dividing an interval between carrier waves by the length of a transmission symbol. For example, when increasing 
the number of carrier waves while fixing an entire signal bandwidth, a distance between carrier waves is long and the 
length of a transmission symbol increases. Conversely, when decreasing the number of carrier waves while fixing an 
entire signal bandwidth, a distance between carrier waves is short and the length of a transmission symbol decreases. 
10 As described above, the length of a transmission symbol can be changed by adjusting the number of carrier waves, 
in step 12, 16, 20 or 22. 

[0021] FIG. 3 is a flowchart of an OFDM communication method to adapt to channel characteristics according to a 
second embodiment of the present invention. The OFDM communication method includes converting the format of a 
frame depending on a cell radius in steps 70 through 78. 
15 [0022] FIG. 4 is a diagram showing an example of a macro format. A single frame 90 is composed of a single first 
symbol and a plurality of second symbols, and a plurality of third symbols. 

[0023] FIG. 5 is a diagram showing an example of a micro format. A single frame 92 is composed of a single first 
symbol and a plurality of fourth symbols. 

[0024] FIG. 6 is a diagram showing an example of a pico format. A single frame 94 is composed of a single first 

20 symbol and a plurality of fifth symbols. 

[0025] In the OFDM communication method according to the second embodiment of the present invention shown in 
FIG. 3, the format of a frame is converted depending on the radius of a cell, in which communication is performed. 
[0026] For this operation, it is determined weather a cell radius is greater than a first predetermined value in step 
70. If it is determined that the cell radius is greater than the first predetermined value, the format of a frame is converted 

25 into a macro format, as shown in FIG. 4, in step 72. Referring to FIG. 4, the macro format is composed of a single first 
symbol, a plurality of second symbols, and a plurality of third symbols. In other words, when a channel change speed 
is fast or slow and the length of a channel is long due to a large cell radius, the format of the frame is converted into 
the macro format shown in FIG. 4. 

[0027] However, if it is determined that the cell radius is not greaterthan thefirst predetermined value, it is determined 
30 weather the cell radius is greaterthan a second predetermined value in step 74. The second predetermined value is 
smaller than the first predetermined value. If it is determined that the cell radius is greater than the second predeter- 
mined value, the format of a frame is converted into a micro format, as shown in FIG. 5, in step 76. Referring to FIG. 
5, the micro format is composed of a single first symbol and a plurality of fourth symbols. In other words, when a channel 
change speed and the length of a channel are medium, the format of the frame is converted into the micro format. 
35 [0028] However, if it is determined that the cell radius is not greater than the second predetermined value, the format 
of a frame is converted into a pico format, as shown in FIG. 6, in step 78. Referring to FIG. 6, the pico format is composed 
of a single first symbol and a plurality of fifth symbols. In other words, when a channel change speed is slow and the 
length of a channel is short due to a small cell radius, the format of the frame is converted into the pico format. 
[0029] FIG. 7 is a flowchart of an embodiment of step 16 shown in FIG. 1 according to the present invention. The 
40 embodiment of step 16 includes determining a second orthird symbol as a transmission symbol depending on a channel 
change speed in steps 110 through 114. 

[0030] Referring to FIG. 7, if it is determined that the cell radius is greater than the first predetermined value (step 
14 of FIG. 1 ), it is determined whether a channel change speed is greater than a predetermined speed in step 110. 
[0031] If it is determined that the channel change speed is not greater than the predetermined speed, the second 
45 symbol 50 shown in FIG. 2 is determined as the transmission symbol in step 112. In other words, the length of the 
transmission symbol is set to B. However, if it is determined that the channel change speed is greater than the prede- 
termined speed, the third symbol 54 is determined as the transmission symbol in step 1 14. In other words, the length 
of the transmission symbol is set to C. 

[0032] According to a third embodiment of the present invention, the length of a transmission symbol and the format 
so of a frame are changed depending on a type of transmission symbol and a cell radius. For this operation, referring to 
FIG. 1, if it is determined that the cell radius is greaterthan the first predetermined value, the second orthird symbol 
is determined as the transmission symbol, and simultaneously the format of the frame is converted into the macro 
format shown in FIG. 4, in step 16. However, if it is determined that the cell radius is not greater than the first prede- 
termined value but is greaterthan the second predetermined value, the fourth symbol is determined as the transmission 
55 symbol, and simultaneously the format of the frame is converted into the micro format shown in FIG. 5, in step 20. In 
addition, if it is determined that the cell radius is not greater than the second predetermined value, the fifth symbol is 
determined as the transmission symbol, and simultaneously the format of the frame is converted into the pico format 
shown in FIG. 6, in step 22. 
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[0033] FIG. 8 is a diagram showing a hierarchical cell structure, which is composed of macro cells 130, micro cells 
132, and pico cells 134. 

[0034] Referring to FIG. 8, the macro cells 130 represented by dotted lines correspond to cells having a radius that 
is greater than the first predetermined value. The micro cells 132 represented by bold sold lines correspond to cells 

5 having a radius that is not greaterthanthe first predetermined value but greater than the second predetermined value. 
The pico cells 1 34 represented by thin solid lines correspond to cells having a radius that is not greater than the second 
predetermined value. The hierarchical cell structure shown in FIG. 8 is used in order to increase frequency efficiency 
when frequency resources are limited. As shown in FIG. 8, a plurality of micro cells 132 exist within each macro cell 
130, and a plurality of pico cells 134 exist within each micro cell 132. Usually, the hierarchical cell structure is designed 

10 such that users with a fast channel change speed are gathered at the macro cells 130 and users with a slow channel 
change speed are gathered in the micro cells 132 or the pico cells 134. This is disclosed in pages 301-304 of a book 
entitled "Radio Resource Management for Wireless Networks", written by Jens Zander and Seong-Lyun Kim, and 
published by Artech Houser in 2001 . 

[0035] FIG.s 9 to 11 show examples of the multiplex carrier wave transmission symbol. FIG. 9 is an example of the 
15 second symbol and FIG.s 10 and 11 are different examples of the third symbol. In the following description, the different 
parts of the symbols of different examples are each given different names to avoid confusion. Therefore, the existence 
of a "third cyclic prefix" {for example) in a symbol should not be understood as requiring a "first" or "second" cyclic 
prefix in that symbol. 

[0036] FIG. 9 is a diagram showing an example of a multiplex carrier wave transmission symbol. In this example, 
20 the transmission symbol is composed of a first cyclic prefix (CP) 150, a first transmission signal 158, and a first cyclic 
suffix (CS)154. 

[0037] According to the fourth embodiment of the present invention, the format of a symbol as well as the length of 
the symbol can be changed depending on a cell radius and a channel change speed. 

[0038] For example, if it is determined that the channel change speed is not greater than the predetermined speed, 
25 the second symbol is determined as the transmission symbol and the format of the second symbol is converted into a 
format shown in FIG. 9 in step 112 of FIG. 7. In FIG. 9, the first CP 150 of the transmission symbol is the result of 
copying an end portion 152 of the first transmission signal 158 to the front of the first transmission signal 158 and is 
used to eliminate the interference of a previous symbol. The first CS 154 of the transmission symbol is the result of 
copying a beginning portion 156 of the first transmission signal 158 to the back of the first transmission signal 158 and 
30 is used to mitigate the alignment condition of transmission time when a carrier wave is divided and used by multiple 
users usually in an upward channel. Here, the first transmission signal 158 contains transmission data. As described 
above, since the end portion 152 of the transmission data 158 is copied to the first CP 150 and the beginning portion 
156 of the transmission data 158 is copied to the first CS 154, the transmission symbol shown in FIG. 9 has a cyclic 
structure. 

35 [0039] FIG. 10 is a diagram showing another example of a multiplex carrier wave transmission symbol. In this ex- 
ample, the transmission symbol is composed of a second CP 170, second and third transmission signals 172 and 174, 
and a second CS 176. 

[0040] FIG. 11 is a diagram showing still another example of a multiplex carrier wave transmission symbol. In this 
example, the transmission symbol is composed of a third CP 190, fourth and fifth transmission signals 192 and 194, 
40 and a third CS 196. 

[0041] However, if it is determined that the channel change speed is greater than the predetermined speed, the third 
symbol is determined as the transmission symbol and the format of the third symbol is converted into a format shown 
in FIG. 10 or 11 in step 114 of FIG. 7. 

[0042] According to the present invention, the second CP 170 of the third symbol shown in FIG. 10 includes the end 
45 portion of transmission data stored in each of the second and third transmission signals 172 and 174 and the beginning 
portion of the transmission data. In other words, the second CP 170 is composed of two first CPs 150 and one first CS 
154 shown in FIG. 9. In addition, each of the second and third transmission signals 172 and 174 shown in FIG. 10 
contains the same transmission data as that contained in the first transmission signal 158 shown in FIG. 9. Unlike the 
transmission symbol shown in FIG. 9, the transmission symbol shown in FIG. 10 includes repeated transmission data 
so following the second CP 170. Here, the second CS 176 includes the beginning portion of the transmission data. In 
other words, the second CS 176 is composed of one first CS 154 shown in FIG. 9. 

[0043] According to the present invention, the third CP 1 90 of the third symbol shown in FIG. 1 1 includes the end 
portions of transmission data stored in each of the fourth and fifth transmission signals 192 and 194. In other words, 
the third CP 190 is composed of only two first CPs 150. In addition, each of the fourth and fifth transmission signals 
55 1 92 and 194 shown in FIG. 11 contains the same transmission data as that contained in the first transmission signal 
158 shown in FIG. 9. Unlike the transmission symbol shown in FIG. 9, the transmission symbol shown in FIG. 11 
includes repeated transmission data following the third CP 1 90. Here, the third CS 1 96 includes the beginning portions 
of the transmission data. In other words, the third CS 196 is composed of two first CSs 154 shown in FIG. 9. The 
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transmission symbol shown in FIG. 11 can be used when timing does not agree well as a whole as in random access. 
[0044] Consequently, in an OFDM communication method, the length of the first CP 150 is required to be longer 
than a channel length. However, since duplicate information is contained in the first CP 150, communication efficiency 
is decreased when the result of dividing the length of the first CP 150 by the transmission data contained in the first 

5 transmission signal 158 is too large. Accordingly, in order to maintain the communication efficiency, the length of the 
transmission data needs to be 5-10 times longerthan the length of the first CP 150. In other words, in the transmission 
symbol, the length of the first CP 150 needs to be as short as possible. Here, if the length of the transmission symbol 
is long in a state in which a channel change speed is fast, a channel may change within the transmission data, and 
thus communication performance may be degraded. As described above, it is necessary to increase the length of the 

10 first CP 150 as a channel length increases, but there is a limitation in increasing the length of the first CP 150. In order 
to solve this problem, an OFDM communication method according to the present invention described above adaptively 
changes the length of a transmission symbol depending on a channel change speed and a cell radius, as shown in 
FIG. 1 . As described above, influence of inter symbol interference (ISI) can be overcome while the degree of overhead 
due to the first CP 150 is fixed, by adaptively changing the length of a transmission symbol. 

15 [0045] Hereinafter, the structure and operation of an OFDM communication apparatus adapted to channel charac- 
teristics according to the present invention, which performs the above-described OFDM communication method adapt- 
ed to channel characteristics according to the present invention, will be described with reference to the attached draw- 
ings. 

[0046] FIG. 12 is a block diagram of an OFDM communication apparatus for performing the above-described OFDM 
20 communication method according to an embodiment of the present invention. The OFDM communication apparatus 
includes a symbol inspector 210 and a symbol and format converter 212. 

[0047] Referring to FIG. 1 2, in order to perform step 1 0 shown in FIG. 1 , the symbol inspector 210 inspects the type 
of a transmission symbol that is input through an input terminal IN1 and outputs the result of the inspection to the 
symbol and format converter 212 as a first control signal C1 . For example, the symbol inspector 210 inspects whether 
25 the transmission symbol input through the input terminal IN1 is a symbol used for a control channel and outputs the 
result of the inspection as the first control signal C1 . 

[0048] In order to perform steps 12 through 22 shown in FIG. 1, the symbol and format converter 212 changes at 
least one of the length of the transmission symbol, the format of a frame, and the format of the transmission symbol 
in response to a cell radius that is input through an input terminal IN2 and the first control signal C1 received from the 
30 symbol inspector 21 0, and outputs the result of the change through an output terminal OUT1 . Here, what will be changed 
among the length of the transmission symbol, the format of a frame, and the format of the transmission symbol is 
predetermined. 

[0049] The following description concerns the structures and operations of embodiments of the symbol and format 
converter 212 shown in FIG. 12 according to the present invention. FIG.s 13 and 14 each show an example of the 
35 converter 212. In the following description, the different parts of the converter in the two examples are each given 
different names to avoid confusion. Therefore, the existence of a "third comparator" (for example) in the converter 
should not be understood as requiring a "first" or "second" comparator in that converter. 

[0050] FIG. 13 is a block diagram of an embodiment 212A of the symbol and format converter 212 shown in FIG. 
12. The embodiment 212A includes a first comparator 230, a second comparator 232, and a first converter 234. 

40 [0051] In order to perform step 14 shown in FIG. 1 , the first comparator 230 of the symbol and format converter 21 2A 
shown in FIG. 13 compares the cell radius that is input through an input terminal IN3 with a first predetermined value 
in response to the first control signal C1 that is input from the symbol inspector 210 and outputs the result of the 
comparison to the second comparator 232 and the first converter 234 as a second control signal C2. In other words, 
when it is recognized based on the first control signal C1 received from the symbol inspector 210 that the transmission 

45 symbol is not a symbol used for a control channel, the first comparator 230 compares the cell radius with the first 
predetermined value. Here, the first predetermined value may be set in the first comparator 230 in advance, as shown 
in FIG. 13, or may be externally input, unlike the structure shown in FIG. 13. 

[0052] In order to perform step 18 shown in FIG. 1, the second comparator 232 compares the cell radius with a 
second predetermined value in response to the second control signal C2 received from the first comparator 230 and 

so outputs the result of the comparison to the first converter 234 as a third control signal C3. For example, when it is 
recognized based on the second control signal C2 received from the first comparator 230 that the cell radius is not 
greater than the first predetermined value, the second comparator 232 compares the cell radius with the second pre- 
determined value and outputs the result of the comparison as the third control signal C3. Here, the second predeter- 
mined value may be set in the second comparator 232 in advance, as shown in FIG. 13, or may be externally input, 

55 unlike the structure shown in FIG. 13. 

[0053] In order to perform steps 12, 16, 20, and 22 shown in FIG. 1 , the first converter 234 determines one among 
first through fifth symbols as the transmission symbol in response to the first control signal C1 received from the symbol 
inspector 210, the second control signal C2 received from the first comparator 230, and the third control signal C3 



6 



EP 1 387 545 A2 



received from the second comparator 232 and outputs the determined symbol through an output terminal OUT2. For 
example, in order to perform step 12, when it is recognized based on the first control signal C1 received from the 
symbol inspector 210 that the transmission symbol is a symbol used for a control channel, the first converter 234 
determines the length of the transmission symbol as A. However, in order to perform step 1 6, when it is recognized 

5 based on the first and second control signals C1 and C2 thatthe transmission symbol is not a symbol used for a control 
channel and the cell radius is greater than the first predetermined value, the first converter 234 determines the length 
of the transmission symbol as B or C. In addition, in order to perform step 20, when it is recognized based on the first, 
second, and third control signals C1 , C2 and C3 that the transmission symbol is not a symbol used for a control channel 
and the cell radius is not greater than the first predetermined value but is greater than the second predetermined value, 

10 the first converter 234 determines the length of the transmission symbol as D. In order to perform step 22, when it is 
recognized based on the first, second, and third control signals C1, C2 and C3 thatthe transmission symbol is not a 
symbol used for a control channel and the cell radius is not greater than the first predetermined value and is not greater 
than the second predetermined value, the first converter 234 determines the length of the transmission symbol as E. 
[0054] FIG. 14 is a block diagram of another embodiment 21 2B of the symbol and format converter 212 shown in 

15 FIG. 12. The embodiment 2 12B includes a third comparator 250, a fourth comparator 252, and a second converter 254. 
[0055] The symbol and format converter 21 2B shown in FIG. 14 performs the OFDM communication method shown 
in FIG. 3. In order to perform step 70 shown in FIG. 3, the third comparator 250 of the symbol and format converter 
21 2B shown in FIG. 14 compares the cell radius that is input through an input terminal IN4 with the first predetermined 
value and outputs the result of the comparison to the fourth comparator 252 and the second converter 254 as a fourth 

20 control signal C4. Here, the first predetermined value may be set in the third comparator 250 in advance, as shown in 
FIG. 14, or may be externally input, unlike the structure shown in FIG. 14. 

[0056] In order to perform step 74 shown in FIG. 3, the fourth comparator 252 compares the cell radius input through 
the input terminal IN4 with the second predetermined value in response to the fourth control signal C4 received from 
the third comparator 250 and outputs the result of the comparison to the second converter 254 as a fifth control signal 

25 C5. For example, when it is recognized based on the fourth control signal C4 received from the third comparator 250 
that the cell radius is not grater than the first predetermined value, the fourth comparator 252 compares the cell radius 
with the second predetermined value and outputs the result of the comparison as the fifth control signal C5. 
[0057] In order to perform steps 72, 76, and 78 of FIG. 3, the second converter 254 converts the format of a frame 
into a macro format, micro format, or pico format in response to the fourth control signal C4 received from the third 

30 comparator 250 and the fifth control signal C5 received from the fourth comparator 252 and outputs the frame having 
the converted format through an output terminal OUT3. For example, in order to perform step 72, when it is recognized 
based on the fourth control signal C4 that the cell radius is grater than the first predetermined value, the second 
converter 254 converts the format of a frame into the macro format shown in FIG. 4. In order to perform step 76, when 
it is recognized based on the fourth and fifth control signals C4 and C5 that the cell radius is not grater than the first 

35 predetermined value but is greater than the second predetermined value, the second converter 254 converts the format 
of a frame into the micro format shown in FIG. 5. In order to perform step 78, when it is recognized based on the fourth 
and fifth control signals C4 and C5 that the cell radius is less than both first and second predetermined values, the 
second converter 254 converts the format of a frame into the pico format shown in FIG. 6. 

[0058] According to an embodiment of the present invention, the symbol and format converter 212 shown in FIG. 12 
40 may be provided with the symbol and format converter 21 2A shown in FIG. 13 in order to perform steps 12 through 
22 shown in FIG. 1 and the symbol and format converter 212B shown in FIG. 14 in orderto perform the OFDM com- 
munication method shown in FIG. 3. 

[0059] According to another embodiment of the present invention, the symbol and format converter 212 shown in 
FIG. 1 2 may be provided with only the symbol and format converter 21 2A shown in FIG. 1 3 in order to perform steps 

45 12 through 22 shown in FIG. 1 and the OFDM communication method shown in FIG. 3. In this situation, the symbol 
and format converter 2 12A shown in FIG. 13 can perform all of the steps 12 through 22 shown in FIG. 1 and the OFDM 
communication method shown in FIG. 3. For example, the first and second comparators 230 and 232 perform steps 
14 and 18, respectively, shown in FIG. 1 and also perform steps 70 and 74, respectively, shown in FIG. 3. The first 
converter 234 performs steps 12, 1 6, 20, 22, 72, 76, and 78. In other words, the first converter 234 converts the format 

so of a frame into a macro, micro, or pico format in response to the second and third control signals C2 and C3 respectively 
received from the first and second comparators 230 and 232 and outputs the frame having the converted format through 
the output terminal OUT2. For example, in orderto perform step 72, when it is recognized based on the second control 
signal C2 that the cell radius is greater than the first predetermined value, the first converter 234 converts the format 
of a frame into the macro format shown in FIG. 4. In order to perform step 76, when it is recognized based on the 

55 second and third control signals C2 and C3 that the cell radius is not greater than the first predetermined value but is 
greater than the second predetermined value, the first converter 234 converts the format of a frame into the micro 
format shown in FIG. 5. In orderto perform step 78, when it is recognized based on the second and third control signals 
C2 and C3 that the cell radius is not greater than both first and second predetermined values, the first converter 234 
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converts the format of a frame into the pico format shown in FIG. 6. 

[0060] FIG. 15 is a block diagram of the first converter 234 shown in FIG. 13. The first converter 234 includes a fifth 
comparator 270 and a format converter 272. 

[0061] The first converter 234 shown in FIG. 13 may include the fifth comparator 270 in order to perform step 110 

5 shown in FIG. 7. In this situation, the fifth comparator 270 compares a channel change speed with a predetermined 
speed in response to the second control signal C2 received from the first comparator 230 and outputs the result of the 
comparison as a sixth control signal C6. For example, when it is recognized based on the second control signal C2 
that the cell radius is greater than the first predetermined value, the fifth comparator 270 compares the channel change 
speed with the predetermined speed and outputs the result of the comparison as the sixth control signal C6. Here, the 

10 format converter 272 of the first converter 234 converts the format of the determined transmission symbol in response 
to the sixth control signal C6 received from the fifth comparator 270 and outputs the transmission symbol having the 
converted format through the output terminal OUT2. For example, when it is recognized based on the sixth control 
signal C6 received from the fifth comparator 270 that the channel change speed is not greater than the predetermined 
speed, the format converter 272 converts the format of the transmission symbol into the format shown in FIG. 9 in 

15 order to perform step 112. However, when it is recognized based on the sixth control signal C6 received from the fifth 
comparator 270 that the channel change speed is greater than the predetermined speed, the format converter 272 
converts the format of the transmission symbol into the format shown in FIG. 10 or 11 in order to perform step 114. 
[0062] When an OFDM communication method and apparatus adapted to channel characteristics according to the 
present invention are used at a whole signal bandwidth of 20 MHz, the results of operation are obtained, as shown in 

20 Table 1. 



Table 1 



25 



Division 


First symbol 


Second symbol 


Third symbol 


Fourth symbol 


Fifth symbol 


Number of carrier waves 


512 


4096 


1024 


2048 


1024 


Ts 


0.02844 


0.2275 


0.05689 


0.1138 


0.05689 


Tg 


2.81 


22.45 


5.6 


11.22 


5.6 


Lamp (Up) (u.s) 


1 


1 


1 


1 


1 


CS 


1 


1 


1 


1 


1 


CP 


0.81 


20.45 


3.6 


9.22 


3.6 


Ts+Tg 


0.0313 


0.25 


0.0625 


0.125 


0.0625 


Bit rate 


4 Mbps 


8-50 Mbps 


4-25 Mbps 


8-50 Mbps 


8-50 Mbps 



[0063] Here, Ts denotes a period of time indicating the length of a transmission symbol, Tg denotes a guard time, 
the unit of the CS is in us, and bps indicates bits per second. 

[0064] As is seen from Table 1, in an OFDM communication method and apparatus according to the present invention, 
40 the length of a transmission symbol Ts is adjusted by changing the number of carrier waves so that the method and 
apparatus can be adapted to various communication environments. The transmission symbol is adjusted to adapt to 
various communication environments for the following reasons. 

[0065] For example, let's assume that a Veh B channel, from Tr 101 146 v3.0, which is disclosed in a book entitled 
"Digital Communications", written by J. Proakis, and published by McGraw Hill in 1995, is used; the number of carrier 
45 waves is 4096; a whole signal bandwidth is 18 MHz; and a spread factor (SF) is 4. 

[0066] FIG. 16 is a graph showing changes in a bit error rate (BER) with respect to changes in Doppler frequency. 
The vertical axis indicates a BER, and the horizontal axis indicates Eb/No where Eb is energy per bit and No is the 
variance of noise. 

[0067] The BER at a Doppler frequency, i.e., a channel change speed, of 1 70 {■) is greater than the BER at a channel 
so change speed of 1 7 (* ). Tne BER at a channel change speed of 500 {▲) is greater than the BER at the channel change 
speed of 170 (■). Consequently, as is seen from FIG. 16, the BER increases with an increase in a channel change 
speed. 

[0068] In the meantime, when the same assumption as described above is adopted, with the exception that the SF 
is 1 , the Doppler frequency is 500, and a Veh A channel is used instead of the Veh B channel, changes in a BER with 
55 respect to changes in the number of carrier waves will be described below. Here, the channels {Veh A and Veh B) are 
disclosed in Table 1.2.2.3 in page 43 of a book entitled "Selection Procedures for the Choice of Radio Transmission 
Technologies" and published by Universal Mobile Telecommunication System {UMTS), which is under a standardization 
group of European Telecommunications Standardization Institute (ETSI), in Technical Report (TR) 101112 of the ETSI. 
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[0069] FIG. 1 7 is a graph showing changes in a BER with respect to changes in the number of carrier waves. The 
vertical axis indicates a BER, and the horizontal axis indicates Eb/No. 

[0070] As shown in FIG. 17, the BER when the number of carrier waves is 2048 {■) is greater than the BER when 
the number of carrier waves is 1024 (A), and the BER when the number of carrier waves is 4096 (* ) is greater than 
5 the BER when the number of carrier waves is 2048 (■). Consequently, as is seen from FIG. 17, when the length of a 
transmission symbol is decreased by decreasing the number of carrier waves from 4096 to 1096, the influence of the 
Doppler frequency is reduced, thereby decreasing the BER. Accordingly, if transmission data is repeated two times, 
as shown in FIG. 10 or 11, influence due to a change in a channel length is decreased and interchannel interference 
is prevented. 

10 [0071] As described above, in an OFDM communication method and apparatus to adapt to channel characteristics 
according to the present invention, at least one of the length and the format of a transmission symbol and the format 
of a frame is changed to adapt to channel characteristics such as a channel change speed and a channel length so 
that communication can be accomplished at a low BER and high efficiency under various environments and a terminal 
can be simply implemented. In particular, under an environment in which a channel change speed is fast and a channel 

15 length is long, communication reliability can be enhanced. Since the transmission symbol includes the first symbol 
regardless of a cell radius, as shown in FIGS. 4 through 6, the present invention facilitates wireless resource manage- 
ment such as association and handover. 

[0072] While the present invention has been particularly shown and described with reference to exemplary embod- 
iments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may 
20 be therein without departing from the scope of the invention as defined by the appended claims. 



Claims 

25 1 . An orthogonal frequency division multiplexing (OFDM) communication method to adaptto channel characteristics, 
comprising the steps of changing at least one of a length of a transmission symbol, a format of a frame, and a 
format of the transmission symbol depending on a type of the transmission symbol and a radius of a cell, in which 
communication is performed. 

30 2. The OFDM communication method of claim 1 , wherein the changing steps comprises the following steps: 

(a) determining whether the transmission symbol is a symbol that is used for a control channel; 

(b) if it is determined that the transmission symbol is the symbol that is used for a control channel, determining 
a first symbol containing control information as the transmission symbol; 

35 (c) if it is determined that the transmission symbol is not the symbol that is used for a control channel, deter- 

mining whether the cell radius is greater than a first predetermined value; 

(d) if it is determined that the cell radius is greater than the first predetermined value, determining a second 
symbol, which is suitable to channel characteristics where a channel change speed is slow and a channel 
length is long, or a third symbol, which is suitable to channel characteristics where the channel change speed 

40 is fast and the channel length is long, as the transmission symbol; 

(e) if it is determined that the cell radius is not greater than the first predetermined value, determining whether 
the cell radius is greater than a second predetermined value; 

(f) if it is determined that the cell radius is greater than the second predetermined value, determining a fourth 
symbol, which is suitable to channel characteristics where the channel change speed and the channel length 

45 are medium, as the transmission symbol; and 

(g) if it is determined that the cell radius is not greater than the second predetermined value, determining a 
fifth symbol, which is suitable to channel characteristics where the channel change speed is slow and the 
channel length is short, as the transmission symbol, 

wherein the second predetermined value is less than the first predetermined value, a length of the fourth 
so symbol is less than a length of the second symbol, and a length of each of the first, third, and fifth symbols is 

less than the length of the fourth symbol. 

3. The OFDM communication method of claim 2, wherein the length of each of the second, third, fourth, and fifth 
symbols is an integer multiple of the length of the first symbol. 

55 

4. The OFDM communication method of claim 2, wherein the length of each of the second, third, and fourth symbols 
is an integer multiple of the length of the fifth symbol. 
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5. The OFDM communication method of any one of claims 2 to 4, further comprising the step of adjusting the length 
of the determined transmission symbol by changing the number of carrier waves 

6. The OFDM communication method of claim 2, wherein step (d) comprises determining the second or third symbol 
5 as the transmission symbol and converting the format of the frame into a macro format if it is determined that the 

cell radius is greater than the first predetermined value, 

step (f) comprises determining the fourth symbol as the transmission symbol and converting the format of 
the frame into a micro format if it is determined that the cell radius is greater than the second predetermined value, 
and 

10 step (g) comprises determining the fifth symbol as the transmission symbol and converting the format of the 

frame into a pico format if it is determined that the cell radius is not greater than the second predetermined value. 

7. The OFDM communication method of claim 1 , wherein changing step comprises the steps of: 

15 (h) determining whether the radius cell is greater than a first predetermined value; 

(i) if it is determined that the radius cell is greater than the first predetermined value, converting the format of 
the frame into a macro format; 

(j) if it is determined that the radius cell is not greater than the first predetermined value, determining whether 
the radius cell is greater than a second predetermined value; 
20 (k) if it is determined that the radius cell is greater than the second predetermined value, converting the format 

of the frame into a micro format; and 

(I) if it is determined that the radius cell is not greater than the second predetermined value, converting the 
format of the frame into a pico format, 

25 wherein the first predetermined value is greater than the second predetermined value. 

8. The OFDM communication method of claim 7, wherein the macro format comprises: a first symbol, which contains 
control information; 

a second symbol, which is suitable to channel characteristics where a channel change speed is slow and a 
30 channel length is long; and 

a third symbol, which is suitable to channel characteristics where the channel change speed is fast and the 
channel length is long. 

9. The OFDM communication method of claim 7 or 8, wherein the micro format comprises: 

35 

a first symbol, which contains control information; and 

a fourth symbol, which is suitable to channel characteristics where a channel change speed and a channel 
length are medium. 

40 10. The OFDM communication method of claim 7, 8 or 9, wherein the pico format comprises: 
a first symbol, which contains control information; and 

a fifth symbol, which is suitable to channel characteristics where a channel change speed is slowand a channel 
length is short. 

45 

1 1 . The OFDM communication method of claim 2, wherein step (d) further comprises the steps of: 

(d1 ) if it is determined that the cell radius is greater than the first predetermined value, determining whether 
the channel change speed is greater than a predetermined speed; 
so (d2) if it is determined thatthe channel change speed is not greaterthan the predetermined speed, determining 

the second symbol as the transmission symbol; and 

(d3) if it is determined thatthe channel change speed is greaterthan the predetermined speed, determining 
the third symbol as the transmission symbol. 

55 12. The OFDM communication method of claim 1 1 , wherein the second symbol determined as the transmission symbol 
in step (d2) comprises: 

a first cyclic prefix, which contains an end portion of transmission data; 
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a first transmission signal, which contains the transmission data; and 

a first cyclic suffix, which contains a beginning portion of the transmission data. 

13. The OFDM communication method of claim 11, wherein the third symbol determined as the transmission symbol 
5 in step (d3) comprises: 

a first cyclic prefix, which contains a plurality of end portions of transmission data and a beginning portion of 
the transmission data; 

a first transmission signal, which contains the transmission data; 
10 a second transmission signal, which contains the transmission data; and 

a first cyclic suffix, which contains the beginning portion of the transmission data. 

14. The OFDM communication method of claim 11, wherein the third symbol comprises: 

15 a first cyclic prefix, which contains a plurality of end portions of transmission data; 

a first transmission signal, which contains the transmission data; 
a second transmission signal, which contains the transmission data; and 
a first cyclic suffix, which contains a plurality of beginning portions of the transmission data. 

20 15. An orthogonal frequency division multiplexing (OFDM) communication apparatus to adapt to channel character- 
istics, comprising: 

a symbol inspector, for inspecting a type of a transmission symbol and outputting the result of the inspection 
as a first control signal; and 

25 a symbol and format converter, for changing at least one of a length of a transmission symbol, a format of a 

frame, and a format of the transmission symbol in response to the first control signal and a radius of a cell, in 
which communication is performed. 

16. The OFDM communication apparatus of claim 15, wherein the symbol and format converter comprises: 

30 

a first comparator, for comparing the cell radius with a first predetermined value in response to the first control 
signal and outputting the result of the comparison as a second control signal; 

a second comparator, for comparing the cell radius with a second predetermined value in response to the 
second control signal and outputting the result of the comparison as a third control signal; and 
35 a first converter, for determining one among first, second, third, fourth, and fifth symbols as the transmission 

symbol in response to the first, second, and third control signals and outputting the determined symbol, 

wherein the second predetermined value is less than the first predetermined value, the first symbol contains 
control information, the second symbol is suitable to channel characteristics where a channel change speed is 
40 slow and a channel length is long, the third symbol is suitable to channel characteristics where the channel change 

speed is fast and the channel length is long, the fourth symbol is suitable to channel characteristics where the 
channel change speed and the channel length are medium, and the fifth symbol is suitable to channel character- 
istics where the channel change speed is slow and the channel length is short. 

45 17. The OFDM communication apparatus of claim 15 or 16, wherein the symbol and format converter comprises: 

a third comparator, for comparing the cell radius with a first predetermined value and outputting the result of 
the comparison as a fourth control signal; 

a fourth comparator, for comparing the cell radius with a second predetermined value in response to the fourth 
so control signal and outputting the result of the comparison as a fifth control signal; and 

a second converter, for converting the format of the frame into one of a macro format, a micro format, and a 
pico format in response to the fourth and fifth control signals, 

wherein the first predetermined value is greater than the second predetermined value. 

55 

18. The OFDM communication apparatus of claim 16, wherein the first converter converts the format of the frame into 
one of a macro format, a micro format, and a pico format in response to the second and third control signals. 
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19. The OFDM communication apparatus of claim 16, wherein the first converter comprises a fifth comparator, for 
comparing the channel change speed with a predetermined speed in response to the second control signal and 
outputting the result of the comparison as a sixth control signal, and a format converter, for converting the format 
of the determined symbol in response to the sixth control signal. 
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{57) The present invention relates to an improved 
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according to their coherency. The present invention 
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the weights by grouping the sub-channels into 
groups/sub-bands which are sufficiently coherent to 
allow narrowband processing and for a single set of 
weights to be applied to all sub-channels in the 
sub-band. Thereby reducing the processing required. 
The system may use multiple antennas. 
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ADAPTIVE ANTENNA 

The present invention relates to a multi-carrier or Orthogonal Frequency Division 
Multiplexing (OFDM) system employing multiple antennas. In particular, the present 
invention relates to the dynamic clustering of sub-carriers in the receiver. 

There are now a number of systems which operate at high data rates such as multi-media 
applications like Wireless Local Area Network (WLAN); Wireless Personal Area 
Network (WPAN), e,g. Bluetooth; etc. Various arrangements have been proposed in 
order to facilitate such high data rates in a reliable and practical way. However, there 
are a number of problems associated with high data rate wireless channels, particularly 
due to multipath. This is especially problematic indoors where the environment is 
particularly dispersive due to the large number of objects and surfaces as well as the 
dynamic nature of structures, particularly people, moving about. Consequently, it can 
become extremely difficult to extract and retrieve the original information reliably and 
without extremely complex processing. This results in extremely complex receivers 
which must be capable of estimating and compensating for the multiple versions of the 
original signal arriving at the receiver due to the variation in the path length of each 
version. 

In order to counter this, a multi-carrier approach has been proposed in which the original 
data stream is separated into a series of parallel data streams, each of which is 
modulated and transmitted with a different frequency, generally within the same band 
This allows the relative size of the transmitted symbols to the multipath delay to be 
much larger and so inter symbol interference is reduced. One particularly advantageous 
system, which utilises multiple carriers is Orthogonal Frequency Division Multiplexing 
(OFDM). 
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OFDM is very effective at overcoming the problems of fading and multipath. This is 
achieved by dividing a frequency selective fading channel (i.e. a channel where the 
fading characteristics at one frequency are likely to be different to those at neighbouring 
frequencies i.e. the profile of the received signal against frequency is not flat) into a 
number of flat fading sub-bands such that the profile within the sub-bands is 
approximately flat. These sub-bands relate to the OFDM sub-carrier frequencies. 

Figure 1 shows an example of the layout of a transmitter 10 and receiver 20 for an 
OFDM system. In the multi-antenna receiving unit 21 , each of the antennas receives a 
signal which is fed to an analogue to digital converter 22 and then into a serial to 
parallel converter 23 to separate the individual sub-channels. The sub channels are then 
processed through a Fast Fourier Transform (FFT) 24. Finally, the signals are converted 
from a plurality of parallel signals into a serial signal for each sub-channel and the 
coded data extracted. 

In such an OFDM receiver system, it is possible to apply adaptive beamforming weights 
at various points in a receiver as shown in Figure L However, the effectiveness of these 
weightings will largely depend on the stability and coherency of the propagation 
channel. If the channel undergoes flat fading, then it can be regarded as being a 
narrowband channel and a single set of weights can be applied at radio frequency (RF) 
or intermediate frequency (IF), to the received signal just after the antenna array 21, i.e. 
at position (1) in Figure 1 . Alternatively, the weights may be applied after the analogue 
to digital unit 22 at position (2) in Figure 1. Both of these positions should be sufficient 
for optimum spatial processing. 

However, in wideband systems operating at high data rates such as WLAN, WPAK etc. 
where bandwidths of 1 0 MHz or higher may be required and/or systems operating in 
highly dispersive environments, signals will occupy a spectrum in excess of the 
coherence bandwidth, i.e. there will be significant variation in the quality/signal strength 
of the channels across the bandwidth. Consequently, it is unlikely that a single set of 
weights (i.e. as in narrowband beamforming) would be satisfactory for beamforming. 



3 



One way to overcome this problem is to process the received data and apply weightings 
in the receiver for each sub-carrier, after the FFT 24, Le, at position (3). However, this 
is very processor intensive. Figure 6 shows an example of a receiver. In this system, 
the signal is received by antennas 101,102,103. Pre-processing units 104 ? 105 5 106 ? cany 
out downconversion, A to D conversion, serial to parallel conversion and FFT 
processing. The outputs are then fed into an array of adaptive signal processing devices 
107,108,109 which include a plurality of multipliers 110 which multiply each of the 
received signals by a weighting value w determined by a weight determining unit 113. 
Each of the weighted signals from the multipliers is then summed 1 1 1 to provide an 
output signal. The output signals from each of the weighting units is then fed to a 
combining unit 112 which extracts a data signal in which the delayed signals and 
interference signals have been removed from the received signal. 

However, in the example shown, the receiver has L antennas and the number of sub- 
channels that each antenna receives is N. Therefore, the total number of weighting units 
required is L x N. This can lead to a very large number of multipliers 1 1 0 being 
required. For example, in the HIPERLAN system, there are 48 data sub-carriers and 4 
pilot sub-carriers (N=52); there is also a DC channel (CH0) which does not carry data. 
This means that the receiver is complicated and this in turn results in the receiver being 
expensive and potentially subject to reliability problems. In addition, the weighting is 
normally implemented in software an so processor demand is extremely high, again 
resulting in high expense or poor performance. If the processing to determine the 
weighting to be applied is unduly complex, then it may take a significant amount of time 
to complete. During this time, the channel parameters may have changed significantly 
and so the calculated weightings could be inappropriate. Under these circumstances, the 
weighting produced would always out of date and hence poor performance will result 
where the characteristics of the channel change rapidly with time. 

One way to reduce the processor demand, is to divide the operating bandwidth into a 
number of sub-bands and then select one sub-carrier from within each sub-band on 
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which to base all calculations. This method relies upon each sub-band behaving 
generally as a narrowband, Le. that the sub-band effectively undergoes flat fading. In 
other words the chosen sub-carrier is accurately representative of the fade within the 
sub-band as a whole. However, without prior knowledge of the operational 
environment, it is difficult to know to what extent the operating band should be divided 
up. Where the sub-bands are chosen to be large there is a danger that the chosen sub- 
carrier would not be sufficiently representative of the sub-band and performance would 
be degraded. In contrast, if the number of sub-bands is chosen to be large, whilst the 
representative sub-carrier is likely to be accurately representative of the sub-band ? the 
amount of processing required is disadvantageous^ high. 

EP-A2-0,S52 5 407, which relates to current standards for 5 GHz WLANs, suggests 
reducing the total number of adaptive signal processing units and hence the number of 
weighting units to improve the receivers by reducing the complexity. The document 
describes dividing the operating band into four equal sub-bands each having a 'pilot' 
sub-carrier. 

An example of this arrangement is shown in Figure 2 where the operating band is 
divided into fifty-three channels or sub-carriers (i.e. as in HIPERLAN), these are then 
divided up into four separate groups each defining a sub-band. Each sub-band includes 
a sub-carrier which acts as a pilot for the group. The pilot channels do not carry signal 
data but contain a predetermined sequence for use in equalising the received signal by 
comparing the received signal to an expected signal. Weighting for the received signals 
is determined using the pilot sub-carriers and is then applied to each sub-carrier in the 
respective sub-band. As indicated above this system relies upon flat fading over the 
sub-bands which in the case of the above referenced document are of the order of 5 Mhz 
in size, 

If the bandwidth of the system is increased such that the sub-bands have considerably 
greater bandwidth, for example in the region of 10 Mhz, then the likelihood that the sub- 
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bands will have flat fading is considerably reduced particularly where the environment 
is such as to give strong multipath interference, e.g. indoors. 

Therefore according to the present invention there is provided an adaptive weighting 
system comprising: 

frequency domain transform means for converting a received signal to a plurality 
of sub-channels; 

banding means for allocating a sub-channel to a sub-band based upon a 
determination of the coherency of some or all of said sub-channels; 

weight calculation means for determining a weighting for each sub-band; and 
weighting means for applying the respective determined weight for each sub- 
band to the or each sub-channel of the sub-band. 

The present invention further provides a method of processing sub-channels of a 

received broadband signal comprising: 

transforming a received signal into a frequency domain signal, 

determining the coherency of each sub-channel of the signal relative to other 

sub-channels; 

allocating each sub-channel to one or more sub-bands based upon said 
determination of the coherency; 

determining weights to be applied to each sub-band based upon a determined 
coherency of the sub-band; and 

applying the determined weights for a sub-band to each of the sub-channels in 
that sub-band. 

The banding means preferably allocates a sub-channel to a sub-band based upon the 
coherency of that channel being within a predetermined amount of the other sub- 
channels which have already been allocated to that sub-band. The maximum difference 
in coherency is preferably within 3dB of the other sub-channels of the sub-band. The 
maximum difference in coherency is preferably within 0.5 degrees of the other sub- 
channels of the sub-band. 
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The system preferably monitors the coherency of the sub-channels within a sub-band to 
ensure that they continue to remain within a certain range of the other sub-channels of 
the sub-band. The range may be the same as the predetermined amount or it may be 
larger. 

The present invention applies the same weighting to each member of a sub-band. This 
means that only one weighting value must be calculated for each sub-band, considerably 
reducing the processing demand compared to calculating a weighting value for each 
sub-channel. This in turn allows the weightings to be determined more quickly and so 
there is less delay between the signal being received and the appropriate weightings 
being determined. This ensures that the weightings are more up to date and hence 
accurate. 

A specific embodiment of the present invention will now be described in detail by 
reference to the drawings, in which:- 

Figure 1 shows a block diagram showing a typical arrangement of transmitter and 
receiver for use in an OFDM system; 

Figure 2 shows a representation of a system in which the operating band is divided into 
sub-bands; 

Figure 3 shows an overview of a typical OFDM receiver; 

Figure 4 shows a schematic representation of a basic receiver architecture for broadband 
adaptive antenna weight calculation; 

Figure 5 shows a flow diagram of the operation of the OFDM receiver of the present 
invention; and 

Figure 6 is a schematic diagram showing the structure of a conventional adaptive 
antenna system. 

Figure 3 shows the functional layout of the baseband section of an OFDM receiver used 
in the present invention. Many of the functions of the receiver shown as well known 
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and so only a brief explanation is given here. The received signal is quadrature (I and 
Q) downconverted, amplified and filtered (not shown) before being (over-)sampled by 
the A/D unit The digital over-sampled signal is then filtered and decimated. The over- 
sampling of the signal at the start aids the digital filtering process, after which it is then 
rate reduced to the required/expected sample rate. It is assumed in this case that the 
system provides for a preamble of some sort in every burst within a frame (MAC 
frame). In the case of HIPERLAN, each frame comprises a preamble portion which is 
made up of three basic OFDM symbols denoted her as A,B and C, A and B (or even C) 
symbols can be observed (recovered) in the time domain (pre-FFT) and used to establish 
the frame and frequency synchronisation (as well as set the FFT window for the data 
that follows these symbols) through some correlation process, The automatic gain 
control (AGC) settings (not shown - prior to ADC) can also be established. It is 
possible to pass the C symbol through as a complete symbol to the FFT. Knowing what 
this symbol is in advance (and assuming adequate synchronisation), the channel 
variation can be estimated on a sub-carrier basis post-FFT. The C symbol would be 
'switched' out to estimate the channel compensation (rotation of the symbols in the sub- 
carriers). However, this same channel estimation could be used in the sub-carrier 
grouping procedure. 

Alternatively, pilots can be selected post-FFT and used to estimate the channel over 
time. The pilots have known symbols in them and are processed to identify what 
symbol is received (F and Q a ) and what symbol was expected (I and Q). If V * I and 
Q 5 * Q then you can calculate the phase rotation and amplitude change required to make 
them equal. Given four estimates of these values (4 pilots) you can estimate or 
interpolate the amplitude and phase rotation required for all the intermediate sub- 
carriers. This is known as a one-tap equalisation which is a simple if not crude way to 
determine the correction needed for all the channels. The determined value of the sub- 
carrier's amplitude and rotation (I and Q) correction value can then be applied. The 
remainder of the system carries out the unpacking and unscrambling of the data to the 
relevant bits. 
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It should be noted that the preamble symbols are there for 'training' or synchronisation 
purposes i.e. they are known at the receiver so that it can form an estimate of the 
influences of the channel for an equaliser or even smart antenna weight calculation. 

The basic operation of the receiver system will now be described with reference to 
figure 5. Data is transmitted in blocks of data known as symbols. These symbols 
typically comprise a guard interval for reducing inter-symbol interference as well as a 
useful data part. Each symbol is transmitted on a sub-channel using the sub-carriers 
referred to above. The data to be transmitted is divided up into symbols which are then 
sent on each of the sub-channels and re-constructed at the receiver. In addition, the 
series of symbols transmitted generally include one or more preamble symbols, as 
indicated above for providing control and synchronisation information etc. 

Initially, at step S 1, the receiver performs a first estimate of the variation of the fading 
across the entire band using the preamble symbol, in the frequency domain. An estimate 
of the band is obtained in quadrature (I and Q) information. The 'flatness' of the 
received power across the sub-carriers and phase differences can be obtained. 

At step S2 5 the receiver divides the sub-carriers across the band into groups of sub- 
carriers to form sub-bands. The sub-carriers are grouped with other sub-carriers which 
are within a certain range of each other. The received power and phase differences do 
not have to be absolutely equal but just sufficiently close to be within a certain range. 
The range may be varied depending upon the circumstances. By making the range small, 
the groups of sub-carriers will be small but very coherent. In contrast, if the range is 
large, the groups can be much larger but they could be less coherent. The range is 
therefore selected according the available processing power, required reception quality 
and so on. A typical value for the range could be that if sub-carriers are within 3dB of 
received power and 0.5 degrees of variation. 

Then for each group, the appropriate weightings are determined based on one sub- 
carrier of the group, and those weightings are applied for all of the sub-carriers in that 
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group. The weights are determined, as indicated above, such that the level of coherence 
within each sub-band is suitable for the efficient and effective application of a single set 
of adaptive array weights for all sub-carriers based on a calculation for a single sub- 
carrier's performance, i.e. all sub-carriers within the group can be considered to be 
within the coherence bandwidth of the current channel 

As indicated above, the appropriate weightings are determined based on one sub-carrier 
of the group. The chosen sub-carrier should in principle be representative of the group 
so that when the weightings are applied, they are applicable to all members of the group. 
In practice, it would be very processor intensive to test each sub-carrier to determine 
which one was most representative. Therefore, the selection of the sub-carrier is 
selected using other criteria, A number of criteria can be used. If the sub-carrier 
includes a pilot carrier then this can be used as this has a known data content and will 
provide a fairly accurate representation of the fading of that channel and hence the 
group. Clearly not all channels will include a pilot If you were working with an 
adaptive antenna algorithm that worked on signal characteristics (rather than data 
content) then it would probably be satisfactory to pick whichever sub-carrier was central 
to the group. In essence, unless there is significant fading across the group, then the 
choice of sub-carrier is not critical and by their very nature, the groups are selected not 
to have significant fading across them. 

By using the same weightings for more than one sub-carrier, the total number of 
calculations needed to determine the weights for each of the sub-carriers can be reduced. 
Once the weightings have been determined, the weights can be applied to the sub-band 
for as long as the sub-band retains sufficient coherency. The coherency of the band will 
vary over time, particularly due to environmental variations. In order to ensure this, the 
coherency the sub-carriers is periodically monitored, The frequency of checking the 
coherency will depend on the variability of the environment. If the environment is 
generally stable for long periods then checking can be less frequent but in a highly 
variable environment, regular checking will be required. 
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Where the data transfer traffic is very bursty, i.e. data is received in short bursts with 
possibly long periods of no data in-between then it may not be possible to monitor 
constantly and it may only be possible to form a single estimate of the groups. In 
contrast where communication is fairly constant, such as in voice communication, it 
may be possible to make several estimates for determining the groups. 

Furthermore, with bursty traffic, if an estimate is made, this may out of date by the time 
the next estimate is made in a subsequent burst if the period between bursts is longer 
than the period in which a channel remains coherent. Signal interference will vary over 
time due to changes in environmental influences particularly if the transmitter or 
receiver is moving. Consequently where the data is bursty, there may be insufficient 
time to make more than one estimation. Thus the estimation may have to be carried out 
on the basis of a few or even a single frame of data. However, in the case of adaptive 
algorithms, i.e. ones that take a period of time (several samples rather than one) to 
converge to an answer, if the input conditions change, then clearly they need to re- 
converge to take account of the new environment. However, this may potentially be 
from a known converged point which may increase the convergeance rate. In other 
words, the weights used for a particular transmitter could be used as a starting point for 
the next set of measurements and determination of sub-banding groups. So rather than 
starting from scratch each time, the process can begin based upon the conditions 
determined in the previous determination. Hence they can adapt or are adaptive. These 
algorithms usually require some sort of training sequence (which could be a preamble) 
and so work in a similar way to equalisers, even using the same or similar algorithmic 
techniques. 

The coherency of the groups is periodically monitored (step S3) to ensure that they 
remain within predetermined limits. The coherency may be checked to ensure that the 
members of the group are still within the range of values used to determine the groups 
initially. Alternatively the range may be slightly larger to allow some decrease in the 
coherency (to avoid a very small reduction in coherency precipitating a complete re- 
assessment of the groupings). If the coherency of any of the sub-carriers in a group is 
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below the predetermined level, then all the groups are re-assessed as above and the sub- 
carriers reallocated to a new set of groups. Alternatively, just the weights could be re- 
assessed if the coherency is still within another limit. As a further alternative, rather 
than reassess all the groups, if only one group is out of range then it may be possible to 
divide just that group into two or more new groups which in themselves are sufficiently 
coherent. Although this increases the number of groups, this may be acceptable as an 
interim measure to avoid having to re-assess all of the groups. 

As indicated above, the determination of the sub-banding is based upon calculations on 
the preamble channels. However, the calculations can also be on the pilot channels 
provided in the received signal or on known modulation or signal characteristics such as 
direction of arrival estimation (Fourier method, ESPRIT, MUSIC) and blind optimal 
combining (least squares, recursive least squares, sample matrix inversion etc.) 

An explanation of the operation of a circuit according to the present invention will now 
be described with reference to figure 4. The arrangement shown is similar to the prior 
art systems in that it comprises a plurality of antennas 401 for receiving a transmitted 
signal A receiver unit 410 carries out pre-processing of the signal from each antenna to 
filter the received signal and cany out downconversion. The signal is also prepared for 
processing in the receiver unit 410 by carrying out A to D conversion. The received 
signals from each receiver unit 4 1 0 are then transformed by a respective FFT 402. The 
output from each FFT is then passed to an adaptive weighting unit 403 . The output 
from each FFT is also passed to a signal estimating unit 404 associated with each FFT. 
The signal estimating unit 404 is primarily to carry out channel estimation for the 
allocation of each channel to a group. This can comprise a correlator for part of the 
preamble that has been passed through the FFT or the pilot symbols for a longer 
estimation method (the pilot symbols run throughout the burst whereas the preamble 
only occurs for the first few symbols of a burst, see figure 2). In figure 2, the bottom 
axis is frequency and the side axis represents time in symbol durations. The preamble 
lies at the start of the transmission, and the pilots, which are shown shaded, run through 
the entire burst. The remainder are the normal sub-carriers for carrying payload data. 
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The parameter estimation units 407 receive the results of the channel estimation from 
the signal estimators 404. Based on the determined groups, this unit calculates the 
weightings for each group according to the selected representative sub-carrier from each 
group. The parameter estimation circuit 407 controls the spatial weight controllers 405, 
associated with the adaptive weighting unit 403 in each branch, to output the appropriate 
weightings for each channel of the adaptive weighting unit. The adaptive weighting 
units apply the determined weightings to each of the channels of data received from the 
FFTs. The weighted outputs are then provided to respective adders 406. An adder 406 
is provided for each sub-carrier rather than each branch. The adders 406 sum the 
appropriately weighted channels from each FFT. The output from each adder represents 
a filtered sub-carrier signal derived from the plurality of delayed signals received by the 
antennas. 

Although, the units described above are indicated as separate. In fact most of the 
calculations will be carried in a processor such as a DSP and not in discrete hardware 
units although this is not essential. It is typical for all operations after the A to D 
conversion to be carried in a software controlled DSP. 

The present invention is particularly advantageous when used with more complex 
algorithms, particularly ones where forming a channel estimate that will require an 
amount of processing time dependant on the number of sub-carriers. For example, if you 
are using an 'adaptive' scheme that is going to need hundreds of samples to converge, it 
is clearly advantageous to limit the number of sub-carriers it needs. In this way, 
reducing the number of sub-carriers by grouping, will advantageously reduce the 
processing time to determine the weightings. In contrast, if a 'simple' algorithm is used 
then the grouping process may actually add extra complexity to the whole procedure. 

These systems are intended to cover operation over relatively large overall bandwidths. 
For example, HIPERLAN may operate in the bands 5 J5-5.35GHz AND 5.47 to 
5.725GHz, so with both these bands it may arise that the channel is extended. However, 
one set of sub-carriers may be a long way off the next set, in frequency. Consequently, 
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when the groups are being determined it may be necessary to apply some bounding 
conditions. This avoids the system trying to group together spectrally disparate sub- 
carriers. 
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CLAIMS: 

1 . An adaptive weighting system comprising: 

frequency domain transform means for converting a received signal to a plurality 
of sub-channels; 

banding means for allocating a sub-channel to a sub-band based upon a 
determination of the coherency of a plurality of said sub-channels; 

weight calculation means for determining a weighting for each sub-band: and 
weighting means for applying the respective determined weight for each sub- 
band to the or each sub-channel of the sub-band. 

2. An adaptive weighting system according to claim 1 wherein the banding means 
determines the coherency of each sub-channeh 

3. An adaptive weighting system according to claim 1 or 2 further comprising 
control means for controlling the banding means to check the coherency of the sub- 
channels of the sub-bands to determine that the maximum difference in the coherency of 
the group is below a predetermined amount. 

4. An adaptive weighting system according to claim 3, wherein the control means 
is adapted to re-assign the sub-channels to new sub-bands if it is determined that the 
maximum difference in the coherency of the group is below a predetermined amount, 

5. An adaptive weighting system according to any one of claims 2 to 4 wherein the 
coherency measurement is based upon received power and/or phase difference. 

6. An adaptive weighting system according to any one of claims 2 to 5 wherein the 
predetermined amount is 3dB for the received power and/or 0.5 degrees for the phase 
difference. 

7. An adaptive weighting system according to any one of the preceding claims 
wherein the banding means allocates a sub-channel to a sub-band such that the 
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coherency of other sub-channels in the sub-band is within a predetermined amount of 
the coherency of the allocated sub-channel. 

8. An adaptive weighting system according to any one of the preceding claims 
wherein the weight calculation means determines the weighting according to a 
determined coherency value for the sub-band. 

9. An adaptive weighting system according to any one of the preceding claims 
wherein the weight calculation means determines the weighting according to the 
coherency of a selected one of the sub-channels of a sub-band. 

1 0. A method of processing sub-channels of a received broadband signal 
comprising: 

transforming a received signal into a frequency domain signal, 
determining the coherency of each sub-channel of the signal relative to other 
sub-channels; 

allocating each sub-channel to one or more sub-bands based upon said 
determination of the coherency; 

determining weights to be applied to each sub-band based upon a determined 
coherency of the sub-band; and 

applying the determined weights for a sub-band to each of the sub-channels in 
that sub-band. 

11. A method of processing sub-channels of a received broadband signal according 
to claim 10 wherein the determination of the coherency of a sub-band is based upon the 
coherency of a selected sub-channel of that sub-band. 

12. A method of processing sub-channels of a received broadband signal according 
to claim 12, wherein determining the coherency of a sub-channel comprises determining 
the received power and/or phase difference of the sub-channel. 
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13. A method of processing sub-channels of a received broadband signal according 
to claim 10 ,1 1 or 12, wherein said determination of said coherency comprises 
determining that the coherency of the sub-channel is within a predetermined amount of 
the coherency of the other sub-channels in the group. 

14. A method of processing sub-channels of a received broadband signal according 
to claim 13, wherein the predetermined amount is 3dB for the received power and/or 0,5 
degrees for the phase difference. 

15. A processor for processing sub-channels of a received broadband signal, the 
processor being adapted to: 

transform received signals into frequency domain signals, 

determine the coherency of each sub-channel relative to other sub-channels; 

allocate each sub-channel to one or more sub-bands based upon said 
determination of the coherency; 

determine weights to be applied to each sub-band based upon a sub-channel 
within the sub-band; and 

apply the determined weights for each sub-band to each of the sub-channels in 
the sub-band. 

16. An adaptive weighting system substantially as described herein with reference to 
the accompanying drawings, 

1 7. A method of processing a received broadband signal substantially as described 
herein with reference to the accompanying drawings. 

18. A processor substantially as described herein with reference to the 
accompanying drawings. 
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Is* by R. Price and P. E. Green Jr. ; Proceedings IR 
K, Vol. 46, Pages 555-570, March, 1958 

2) "Introduction to Spread Spectrum Anti-multipath 
Technique and Their Applications to Urban Digital 
Radio" by G. L. Turin; Proceedings IEEE 7 Vol. 68, 
No. 3, Pages 328-353, March, 1980 

3) "Digital Communications" by J. G. Proakis; McGr 
aw-Hill, 1989 

[0 0 2 4] 13 1^ CDMAgfgglO^P yPMXh 

Tj<Dm&&m%L,x. CDMA^*xi^«#|6j!J > 

[0 0 2 5] Ttn^HIf (I) tQft-g- (Q) 
ft, ^^A/Um^S 0 1^302 X-T^ZMt^f 

3^S[U|S3 0 3 it, DSP (El^-f) d^WDSP/^ 
^^LTa«Lfcff#<D$!l#r"ei6^i-5c RSSI 

Sr^ LTgW Lfc I m-fjr b Qft^W^Sffft^ P 

[0 0 2 6] RAKEglgSfl^T^ Sffl (ilft4 
m) (nmtm—ffiMft? 4 >jf^y b 3 0 5 - 3 0 8 
?9 S &S 0 $7^y^3 0 5-3 0 8^^t, 

tgi^f6 0 ^tlE)(O7^y#3 0 5-3 08ttl*»|I 

*ltt^S*5o ?J>iJx-~y Y 3 0 8 ft£ fo{^#Jg£D 

5) a 

[0 0 2 7] /^o? hU— ^I7.f 0 8 it. * 

^3 0 5- 3 0 7^BB«1-5 0 
[0 0 2 8] *ALt7^ 

ho 

[0 0 2 9] 04 it, ^h-l/yhCDMA(DMgi 



Wa i s h<?**;\'_k<D i r*-*<D'&^fcb, ffiteRffca* 
«Tiet*5 0 tHB8»4 0 2-4 0 4©7 ? -*WA(4, * 
©iDSP^^LTDSP4 2 0Kffl^S*T,5 o 

[0 0 3 0] I/QP N£j*B4 0 5^\ A^f^Srffi 
SS4 0 2-4 0 4Wi6 o Wa 1 shii«^4 
0 6ft, Wa 1 shftftf>-^ffi||»4 04W 
£5, ffl»tM]^4 0 7 ^y^^9Ji|l4 0 StfSRA 

ke y >f i/jfomttrnzMfflm *»od s 

[0 0 3 1 ] 9cttt*«o^»*co5£iiSr*r c 

R c =1/T C ^s^U— K IS-95-ettl. 2 
2 8 8Mc p s 

R b = R C /N C fcfyf>U— h (HP*>, S/V3|?y>V— 
h) , I S — 9 5TI41 9. 2kbps 
N c v^tfyV Ctf^h) jbfc5©?-y^», IS -9 

5T?H:e 4 

[0 0 3 2] A co^l— ifSg*B 

AT I = (Aj+dj - 1/p) T c ^-r^.x^(-^f 
0-p- 

[0 0 3 3] x 1 =pA 1 +6 1 if:/^ 5/^rtcO^^O 

(t 0 -o b^m 

L ^rt'^v^J^G)* ; 4 >ySy#*\$ 1 = 0--L- 
[0 0 3 4] p (1) Cl ° ^A-^/^hSt^l K*l-t*5n# 
OD^^^/V^^^vl^/W^^^-r — K (Walsh-cod 

mi] 



Tit/^V^) 
[0 0 3 5] 
[*2l 
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ft, FIR-LP7^/^I) SrWSfc&^^A' 

[0 0 3 6] y (1) w ^f/^^l^fSnS 
r I>Q [ i ] =r [j] ^y^^y^ ^R c -CCD 

[S4] 

[0 0 3 7] fefePgfMB 
i5[^n^h^y^AMW (E 4 CD 40 
2) fc, f-^lty^^fAMW (@4C0^4 0 

4) (Dm^mfmm^m^^^^<^^^o(Dm 

^m*«yffl^n y^t LT^T. gij§5 0 1 - 5 0 4 
fj, /V in 7 > ty^^ ^tiK4 o 2 
-J5 0 1 - 5 0 3, 5 0 7, 5 0 8ft 

«3tf*©^5 7S^HC, REt-T^T ± 5 E^AAfS-^tt r 
[i] = r x [i] + r Q [i] -e&S (IP*,, 14(01 

[0 0 3 8] ^Affi^r [i] ft, ^^-^VsR/vfe 

S^Q P S KD S / C DMA^^^y (¥Vy 

5t)©lo*try^Ty^5o {3*r <0) [i] £S 
ff^5 0 3rt'e*^*fti»5 0 2 39»6>e«Lfc*St 

£ iWO/^p y Ht ^aSSfctflfcfi 1 Six 

[0 0 3 9] fS^SO 3^feOff^^±fiJ^T^^. 
2±U— #il$g (iyyW:l^)Si (accumulatio 

^504 i»Rft^^*y>^WT^=f 5 XA^Ta ^ 
(Channel Estimation Algorithm Block (CAL) ) 5 
0 5 t x S^M0K5O 6^t« 0 

[0 0 4 0] Wftw^^^icM^S^^^/i^S: 

fta>Vy7jf/VtC»1-5 < f--^^/Pffift^fl[[f±, C A L n 0 
5 iCi ft, ?Lt:OCAL5 0 5|i, T3-^ 

5 o 4^^^aficoa^j^^r^#^t^c^-r 



Ks k(1) (n) cd (^--ifk^wa l shff^) Sr^irf 

[0 0 4 1 ] /n^SlOtl *1?S5 0 9^&W* 

3i*BSrit>> ^tx^HecD^^^^ft^-ynir^f- (D 
S P) 6 2 0 fc LT^Sflai^a^tiff^ (tf^-tf 

[0 0 4 2] CAL^Py? 5 0 5KBUtt, ^ir* 

CD N a f0CO^ -V ( n tt^-Y ^^^SlttK 7VP 

^ y X A ^ 4 ft 5 SSt ^> ^ ^ ^/l^fSHB ^>f^ 

/£</),«) 

[0 0 4 3] C ALT^Vrf ]J XACO^J^^, ;7;c 

^ivcxot7ts/h(Di5ift * t £ 9 , 
ft (apt, slft?ewiw t "srii-efc 5 ) ©IfltefcA'if— jfefc: 

t^tttltf* b ft V ^ fe-CfcSo CAL <dW& £ * 

[0 0 4 4] KTwttHfctt^TH:, ^f^A^iWJ 
IB (*W«>?) ^Vpy^Bl«ffl^5CAL 
fc^ * ft 5 i\ fc£ UUM & 8£* oo^'J^ Sr^fJ 

[0 0 4 5] A 1/-#^P y # tllLttt, 

[0 0 4 6 ] g]4(Dtt*£Dgjf^cS^vvr, ime&J; 
t>^*^ap^*#^^^^*^^/^ pyh»* 
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5 0 3 -5 1 Ofc^tfOfJa-^y h 5 2 0 £rffl^ 

[0 0 4 8] fflma^^ 

[0 0 4 9] 116 j^^^^ 3/ N^pj^* (Pilo 
t Interference Cancellation (PIC) ) %<F>!Mk& 

3#flgcD^i) o 7^^/6 0 3, 6 0 4ft, tiX-^Jl 
6 01^ 6 0 2 &H(r^Lfc*ffiT-«f|-r 

[0 0 5 0] rcoHftMcOgffW^ S^ft^r <n) & 

[0051] rcor fc ir, 7^y^f6 0 3, 

6 0 4 «t'$m br/N^r n v ywm$m% 6 0 6 f e 0 7 

Sr-ttt-Ptt^bw^^ 0 3, 6 0 4ic:iMiL 
r, /^0^&©/^ny lit-, l^b 

CD/^ n!yHs^6 12 £ffifjE&1^ 0 0 tflgflffi 

^r <n) ^&£r Co) Hi, tf-^-f A-fcW^EIJB (on 
-time selector circuit (OTS) ) *) t,0*%}M$ 

£ 0 1 cogftff^-r (n) ^jb5r (1) ft> Ni:<t 
V^A-ferl^^Hft (OTS) 6 0 2i£i9 £T^3 

[0 0 5 2] />V P y h W«j£[III&6 0 6, 6 0 7ft, 

mif&s^ v y Ms-tra, i)mmms o 9 ^-e^* 1 <o 
*SRn*5i^r«, /^p^f»i (MS) ft, ffifi 

[0 0 5 3] l^b^SSrii^ p y 

ft, inffFijige 0 srt-C/'vx ocoff-^ibMff $tv5 0 



[0 0 5 4] A. -/^y7r^tt5^Pyb^ 

El 7 ft/W p y hm^m^Mo^*r*^W\&W&1r 

^■^^^aUttSrftffl^Sfc*^, x-^ft«ffiL^ft 
[0 0 5 5] 1. #7/^I|:ML"C, 

(l - 1 ) mo^/is^xm^z «9 gisjB^ 
[0056] mi\^ z(D^MK^rvmi-m^ 

ft. ^y V=LiZ)fri>T^fr^1S^D:/n y ^ iRf^0>H 
#£1~5o «l^tJ:5^/a7^5 0i' -so 

5' , 5 0 9' , 5 2 0' ft, -/p^^501-50 
5, 5 0 9, 5 2 0 (H5t^i") ^^C#^^r1-5 0 
"/n y^ 7 0 0 t 7 0 0' ft, JEMit^tifz (7 0 5 t 
7 0 5' \£JZ*)) *?V*Sl>^>WU (5 0 4-5 0 5, 5 
04' -5 0 5 y fcffl^-cftfeftfc) Srffiv^SSUfl^^ 

[0 0 5 7] /^-f n j; hxV^^ ^700>700 r CD 
/^^^?F^ft, ^tlRLP/ni/^ 7 0 1^70 

rlp7oimoi' ft, mm&Wi§k<oTyy 

*r#*bfev^i tTy b^.^— f (Bit Error Rate 
(BER) ft±tin-T^ 0 RLPcoSS^&^^Ti-lffi^ 

[0 0 5 8] P y hrVr^ ^701>701 / & 

/<4uy hm^-^nm^vx^^m, ^#;My7r 

703-704^70 3' - 704' ^J;«9, S/y^P 

5r#K L-Cfc < ^ 1 3JS-e# 5* 
[0 0 5 9] — ^-/^vfic^TRL PidJ: <0UA 

(Dfif^'/-fy*/;KDRLPgir\ D = N/2 

z' D 7 0 2 M02' fi, -?rtL^tLR LP701M0 
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[0 0 6 0] WRMfcLT, S>S^y^ftHK*3Jt 

RLT/h£ft) fcSJLT, ji®7 0 6-70 8 ^:70 
6' -7 0 8' fcLT^S*l5TE(D«^s/7r^ 

[ft 6] 

z" s \ A, = hnrc A,J-A, 

[0 0 6 1] rcoj;5ft#4fe, iai?§5ta^ti# 

8„ *fc»tl^y7r 7 0 6-7 0 8, 7 0 6' - 

7 0 8 r wt&»-cttfcv\ ^or t*#*i-6 1, 

[0 0 6 2] A* 0 COA-Y nr y V p^Ft^ 

ttaiJHS7 i l' Kiwit&ix, «P«5 20' ^<£5ff 

[0 0 6 3] Biai^^^ 1 <DA.f n y M§^ft, ^ 
y^f^70i' ft-?m&&£tL, :nittff 

7 1 1 lOMX-btl, 2 0fcJ;S{i^gW<OS] 

70 0' £0RLP7n^^ 7 0 1 ' t^b<0^/W^^M 

[0 0 6 4] *3SW©tt©HJ6«tz:J:tLM!, fVr^^ 

A^fUL (7 0 0 ^ 7 0 0' ^6#fcfL5) tt, 
Pt^ W5 20 t 5 2 0 / ^J:5) t^fc*tffl'et 

5i 5 left So rcoi^ftllKM^^Tfi, ^|gffi« 
jBSSfcHtLftt^o La>U -co- ££|gfT-f£r ir^j; 
ft, J Er<Ofcftr<D#j^f3:BER'ltffi^^:* ? 5 o rco^- 

[ooes] us, 9Vcnm7<r>f4T$9&<r>$4 % 

VtfvVA^x CW, 7 0 3) ft, i/>>K/VnCD/^f n 
^SrMfltLT^So m&s*y?T m, 7 0 6) fc.fc 



[0 0 6 6 ] g|9t-£tt, /^ns/hSi^^fi*;V 

7t^ Tl Wife 3^ y?<n*?4 * ls*Ja ^ftKh&Wt 
[0 0 6 7] 7^7^ff AroftfE 

^^»-^.;vfe^A«t-ftfo5 J; 5 ftSt^K B ERi^ 
[0 0 6 8] L*>U AWGN^-V^/MC*D^"Cfi, 

Mi-^5fcS^^#/i L ft i \ 

[ooeg] /^ns/ hft^^s^-rafc^)^, 

[0 0 7 0] Hiiatf ^7 f -fyy/H^ 4t'y W 
ftlt (Ify7 n ;^Qfy7 f /u) ^frfS* Lt^ 

^nyhff»r/Pt^#lt ffilfyh»«A (RL 
P : 4 tf ^ K ^S^l*— : 4 tf*/ h) 'Cfeot 

[0 0 7 1 ] B-/^yr/rftL<7)tiSMflg^ (f^T^ 
^B) 

m 1 Ot^SffcO^^^SHftSrfflV^r >CDft^ffl|g 

r sssjk® ft v * i-^sssi- 5 co St ^raft*^c'c*> 

{y^^iSO) t5 2 0' (7-fy#l) 
3R;i/n- 1 »«Slt:fflv^ti5f i«l 0 0 1 

i 1 0 0 1' Sr*Jx^i7-f v^fO t 1 co^cov>^> 

n ^ hS«^t±, 0B1O1OHO1O' xrfrfc 
IxS. Bft*tt, «»§g7 ii, 711' ^reftt>hZ>» 
T4?# 9 BIZ, SlXD^uy^ti, il»ltyuy* 
tin— to##«rfrLTi>S e 

[0 0 7 2] 011 tfi, p ^ bS«^ffl^f-^-* 
[0 0 7 3] ^^^^^BcOjhfF 
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[0 0 7 4] L*>U «SyV-^tt^S&*ifJZfeWSJj* 

[0 0 7 5] C {<z2J^±MS&M 

jSfc^-J-, ^oyb»»«fflfcCALfl 
T?#bft5 (7 0 0 ir7 0 0 / fc:±3) ft*?©^**^ 
7 (BPfc, 7 0 3 M0 3' ) £ 
fflK *u»2i: 1 i*W (Wfe, 10 lot 1 
oio' ) £rffli>r, ^cDfif/^n y hBWjStf)^* 

[0 0 7 6] Wi^t i^-ffl/^^P 1 )'^ 1 0 

7 0 0^AA£ft5ff^^S£ft£o tHlti^HA- 
l o 1 Oici*), /^0^^»^ffi/^n 
y hfr^fi, Cfinssi 2 i o' ^ffl^r) i ©/^ 
juy Ntfc*aS7 0 o' ^AA52x£ff^^«JI£ft. 

[0 0 7 7] />Vny h W«J^GD^;fc^ajffi£ffi 
T) ft. rVr^^A(D^tit«i-^o fib. 'Vn 

[0 0 7 8] 7*4*?$$ c^ifr-f^ 

— 'F^zr.Tcomm^ (V^/^77tRLPSrffli> 
V\ 

[0 0 7 9] 

[0080] A-m-mm&^ (tVt^d) 

^pyHtC (1) [i] tt, 

h"eSfltflH§-r [i] fl»fcJn**i 3 0 0rti^l**S 

tl£ 0 Ell 3©AtC*5V^tt, (Jm**1 3 0 1 

H 3 0 2) ft, #^ (1 3 0 3 M 304) <D%.% 



[0 0 8 1 ] g| 1 4(07YT^^D^ ^-^^-YAirU 
^^501^501' , CALlHlSl 410M41 

1410M410 7 , ^JPWEIBS 1 4 2 0 fc 

5 2 0' K>»fpiiW*Lfca9'e*>a 0 

[oo8 2] ytjTjrpi)^ m*fcwmzti WP 

^hfVr^l410H410' rti?) , v'V^VP 
^bR b T^^^SHlE (ISHSS 2 0^52 
0' fc CALtUKl 4 0 1 t 1 4 0 1 ' "C^ff 
(SUS^l 40 2, i 4 0 3 M 4 0 2 / , 14 
03' ) Wfta^nyhfl|#Srffl^5 0 ^©il40 
2 t 1 4 0 2' frbnbtltzs^ n y hffi#Ht, 

142U142 i y rt-eip^^fir, ^eivetis 2 0 
£5 20' cob 77^^ Or—*) ff^>*a o ^co 

ftiS^1 4 0 3 M 4 0 3' ^6ft>tbft/Vny h 

mn-mm^i 422^422' ^t^s^t^ti 

■^tL«»5 2 0 ^ 5 2 0' <0^**^W«fcft*o 

[0083] aisi*©^raftm!fe«i8!i*tt, ^ * ? n 

|:i/y^/W^;7r HI7CO7 0 3) is&ii^g 

^7i^-r«^^^r^^1~^V^^^A 

[0 0 8 4] li5^SifVT^^D«^^^y^ft 

R b 'CcO«a^(DS*^, *-c©A^*^iBft(ci*&*r 
V\ 7* >f 7 1 9 9 D tott^^x -ffl? & AtD^tib MUX 

[0085] B-mmmik (^vt^^e) 
^mt^^r^^wm^^^r^ p ^ bit -^coim 

[0 0 8 6 ] 7>f7^^ E 

U501' , CAL 140U1401' , 
S5 2 0 t 5 2 0 y , ^Pyf7^7^^1410t 
14 10' f MUm^l 4 2 0, ^S^l 4 0 2, 1 4 
03M 40 2' , 1 4 0 3' t ^^TL, ^tlh^Wli^ 

A L 1601M6O1' <^ SSts 1 6 0 2 M6 
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0 2 r £Sr#U 1 4 1 0 t 1 4 1 0' (D^^jU^m 

SfrS (refined) ± 5 ** 1 

IScD^*^SP»EIjS l 4 2 0HXftt>ti& o 

[0 0 8 7] 7*>(7-?#E<D#4 * >Jf?77\^ @1 

5 ©fVr^ * D tomtit R— T*fo5 0 

[0 0 8 8] fVf^^EOl^ 

hgfiM (02) rt"CS«i-5©lcHb4V\ *<DSlE& 
[0 0 8 9] e - 3 7 yjSMM^W 

mi m^^^^wm wh, mi 

ltz?4>is (3/^x) togfi«tol#^£r^-f 0 i s- 

[0 0 9 0] RLP (#!k 6 0 1) ft 2 iB<DUi;tl£:W1~ 

coy^x^cDSS^^, y j i/jf i i 2 tci*f U 2 fg 

, v cos(rta -A 

[0094] HisfcB\ f*yfy^y7y*^*t 

1 ^(p'vP [i] £DV3— hn— KS/— ^y^Sr^-fo 
XKnf>fy7^/^ (Nyquist-raised cosine filte 

r) (DiEm^Hf^mmm^ y/^^^§^^t 0 

[0 0 9 5] 02 OtCfl, -r/^/vX^^O ©/^Xt 

^^^fyy/Ht (lifitffi +i*fcri-i (he 

{ftl/fj A^^MaZiSBsfl/^frXV) I S I 

»{3cX FHX7^;^ (square-root Nyquist raised 
filter) ^#ft1~5g^rt^/VXS^^^- 

(J;fc, how *^ h K X >f A' 



*SttS«^&»*§*x-5c RI#K:7^VSfl t 2t> 
[0 0 9 1 ] gg^£^£!^ZlZh£ (RLP) 

[0 0 9 2] A-/>VV^^gjffl8^tQ^Sa 
Hi 8-2 Oft, WVf ^^CO^^f ^ 

Tmm$Lv-'<X7J^$ (RLP) cO^gtt^LT 
tt, f^^U >nm\^ T a = i - T c /p ^«5£L, 

c :t i tt«T\ i /Qfltfth>:7 b 

[0 0 9 3] 
[»7] 

/— * 

lESft^fc^^.x hy^xS/^-^-C^, 
[*8] 



0,^0 (ISI-free) 

[0 0 9 6 ] r n y h ji^^ftfctD^^^XJ^^ 

(in between) \Cfc>*) (^(D^t^Xd 1 ^0 
[0 0 9 7] /n^^^/V^COF I RWSS 

psrctot, ^ ri) ^fBtta^a^iiDSSrift©^ 

[0 0 9 8] El 2 1 tCf^ SWn-/^7^^ (R 
LP) ©FIRS^to FIRftftt ^ J% 5=h 
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[(j-N/2) • p + 5] X\ *ft»fc»ttT=p A 
©HSfSlfc (integer multiples) fDjiffiS^oV^T&T 

y-o 

Z > Q [i] tt^3-h^-K^-^^xT&6 0 
[0 0 9 9] R L P 

i. $ yzf<D#>mc>\^tmN (4£6>iC£fc2"C£ 
^APN^y^^ + l i:-i^&^4Lt 

3. /^vxlg^h [i] fl, N/2 • p©i|tfc3H*5 

[0 1 0 0] 4. i(SWy^7y^7^ (^Lt 
(fractional delay) 5 = 0 - p — 1 ^fo'CWA^ 

*f^ j lt*fUffibi:i/4^S^^^ ta*-0#5 o l 

LrSU ? N= 4 # p=8t4t^f(Ol(Dt& 

i 2 try h-c, *rtM44:*lB Lfcifrfrfctti 2 s tf y h 

[oioi] 5. FiR7^;^(a!)iAStifcfy 
:/l^/UTE7)HM^SJ3\ D fir =N/2fy^tfc 

RLP^AAit PN^y^*Slt5r fc^Jt 
ttbTDflro^y^ffrflWtoTlSffSJxS (PNJ^I 
0 fit, # ^ytttcogM^ yeo^iklfP 

Kl*ffT?tS (12 10/K^bX£#MtO- fc) 0 
[0 10 2] 6. y^>#fc^S«]$-r5 2«Ai:co 
p y hffi*ds#^5 (v/vf/^x^ 1, 2 }r*f 



[0 10 3] 

-f n y > J£*© B E Rm&tt&^WZ 5 £ t fcft 

[0 10 4] rcoBWco^^^¥-^^-r 
eg|Lr) left, ^^ti©^/u^^Xfit^ffl^^n 

[0105] ^^f^i 

zi3£1$l (minimum mean-squared error criterion (MM 

se) ) ic&o kmmxhv, mm&^tL^^itm 

[0106] El 2 2 tt, #o£^^ ^b2203ic:£*9f|?ij 

(2 2 0 1, 2 2 0 2) 

[mi o] 

[0107] /Vp^F fi9L 1 rof <t^Srf 9J 

o*tt, {o, i t 

i, (L-i) ; j ^ i ©mco-y-^y h^fcSo 

[*i l] 

[0 10 8] Jfct3*-<5*tISSrM^r, TIS^^^*/V- 
»1 2] 

5T ( a ) 

c{' ; ( b ) 
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[*1 3] 
[114] 

[0 10 9] ^nst^'f |E(Ste^t(4, ^ yf2 2 
0 1 t fc , V# 1 t^LTft/W n^hO 

Itl5] 

PWttCTlW>»#fctt#3l satisfy fcft 9 . 

^DyH|i|l2 (b) £M^TB«fife£tl. WD 

mi e] 

*r;ftEJW~$:l 5S;©i^trffi, ^-r-y^2 2 o 3 tt^- 

[0 1 1 0] BI2 3fi, L=3 7^y*'ORAKEgf 
«|co}!a*"fe£-^-fa H 2 3 i±, ^%=l^ v 1- 2 3 0 1 
t7^;/f 2 2 0 2, 2 2 0 4##tt§Wc|17-efe 

5„ ✓Way b^l^*LJ;5 i:LTV^7^yi/©v;v 



-rfvv* (RLPF) ?;fV^ v ^n^M« (L — 

[0111] Mitf, Axotc^J-LTtt, 1 <k 2ffl 
lO^Dy Mf^ (17 10' t 1 7 1 0" f*3T\l Srff 
fif J& U * r H & ii'v* 0 roff^P>«tW 

(JB^2 3 0 5 Srffl^T) c Dyhoil 
ft, /^2(?Mf^^ (lfg2 3 0 7^^t) 

2 3 0 6 £rfflV^T) 
[0 112] ^y^«ffJgfrgff] 
/<Sv-y bf»MCMMSE7-fyft-> 

»1 7] 

y a yji i ©ft* tt, feo^H- ? s> h com^h 
tmis] 

[0113] rtoBWsi, ^cD5t^i?«-r5ctr-fc 

[fl9] 



po.-.t/i., }= art- -raw £ - 



(3) 



s> h WH^/'fXKBBL-C^tl*!:*. [»2 1] 

12 0] 

y, = £(y,(G,) 



[0 1 14] fDCD^fS: (variance) ft, ^fefofp-CfeS [f2 2] 

(D-C\ (3) ^<OtC<D**/V-/H4, 5!-/=eSo 

G, ( " ; =argmip^r[^" , (G, (B) )] / = 0,-,L-l 

MMSEt^Ml it (5) "C^H'C " [&2 3] 

||,rif>^[cr^;- i )}i^} 



(4) 



(5) 
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Abstract: 



PROBLEM TO BE SOLVED: To perform operation at a whose back rate such as minimizing the 
change of a hardware by using the set of a symbol length, quard time and N pieces of sub 
carriers in a first mode and using the same set of symbol length, quard time and N pieces of sub 
carriers in a second mode. 

SOLUTION: An encoder circuit 1 receives a data stream, divides the data stream into the blocks 
of continuous groups or bits and introduces redundancy for forward error correction encoding. 
The block of encoded data bits becomes an input to a high-speed inverse Fourier transforming 
circuit of complex at N points (N is the number of orthogonal frequency division multiplex sub 
carriers.) While using phase shift keying of four phase, an IFFT is executed on 2N pieces of 
encoded data bit blocks received from the encoder circuit 1. A control circuit 4 controls a cyclic 
perfixer 3 and switches the guard time and symbol period as needed. 
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(54) COMMUNICATION METHOD, TRANSMITTER AND RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To allow each receiver or 
the like to apply communication processing to 
information with a required minimum processing quantity 
of itself in the case of multiplexing channels for 
communication through various transmission routes by 
each by adopting special arrangement for transmission 
symbols for each channel on a frequency axis. 
SOLUTION: Subcarriers are allocated on a frequency 
axis for each channel as shown in the following: the 
subcarriers for a channel 1 are allocated with spacing of 
16 kHz from a reference frequency fc (shown in Fig. A), 
the subcarriers for a channel 2 are allocated with 
spacing of 16 kHz from a frequency shifted by 4 kHz 
from the reference frequency fc (shown in Fig. B), the 

subcarriers for a channel 3 are allocated with spacing of 16 kHz from a frequency shifted by 8 
kHz from the reference frequency fc (shown in Fig. C), and the subcarriers for a channel 4 are 
allocated with spacing of 16 kHz from a frequency shifted by 12 kHz from the reference 
frequency fc (shown in Fig. D). Signals of each channel are transmitted as a radio wave to 
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cause the subcarriers to be allocated on a radio transmission channel with spacing of 4 kHz 
(shown in Fig. E) resulting that signals of the 4 channels are multiplexed and transmitted in 
one transmission band. 
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i ^y^^rgff ttafiy y-mvi. mt%$ 
mm.»mmi,znix2<DN%&% < Ni±iE«fis^ft) 

[if*n i s 3 »*a 1 4iatfcosfi«t*iv^ . 

Sfl Uzti^X 0 aflfcffl^ ^iifeltftitM-C'ailS itT 

> t^yy*3Hf«(*i, afHi^anLTv^aMif-* 

iottajt^yy^f-f^y^^fn-^tft^LT 

[ it*JS i 6 3 if *Jf 1 4 f sa^gfi «t fc ^T, 
smmmtmizi m^ti^yniv- v \zi 

■y-yyv y^^titz^yt^K^iztmh l < im% 
t^-itizio. mm^mi^ y^imMLx. m 
mz&jit h yytftismm-zitx , mmm^' 

•y b v- v t i D^Siii-^g/J^^yT-^y- 
i ^s*4 ^Pl^^y y - 1- co y y fovwyfM r 



(3)M2 000-92009(P2000-9' * 



[ lt*Jl 1 7 ] 1 6 E»^gfI«tBV \Z . 

±IB5flT - ? £ Stt»t S SIii#gK . ft* tr 

jitafett; v by- f ± o Mfti^tv f u-bvcomm 
[ fit n i 8 ] n$m i 4 istt^gft«(cB v ^z . 

^y^trMmncom^mi'iro %tm. 

[ mmn i 9 ] mem i 4 iek^ss «t . 

[0001] 
[0002] 

fi^tToafl^t LTtt, PJxH'DS-CDMA {Di 
rect Sequence-Code Division Multiple Access ) "fj^ 

;«ds-c d m A^zn.. immnmn 
wmzx^m im.) u mmimt:±&iz-iti 

z . ft ^JSfiKXS***?)* £tt 
[0 0 0 3] S2 7tt. «*ODS-CDMA*it£B 

ffl Lfe-fe/i-^iffisaff «f a fcistta Mft ^ 

-T<s yy^z^-it^hmzA -&tz<n 
wmmztitdk\z, mM-m\z\mztiz , s^stc 
%hfih^y^jvnmz<rmm<nzi-Yifm.^iiz 
m&ztii. mLZivfct'y FxFy-Ati. wc<^k 

nm.z\ Wf-4 afc^WtSoy^a-KfcJ: "3 5> 
r,Ml:S*ifct* , y y^'/y? -y ty/f 5 zmm^ 
/yvvyby^'Sixl,. ^wey^'SJfefci, «fi# 

[0004] -y f y 5T'V -y tf yfZtl 

timmmn, mizt. DMmezimmmmm 
tm^tiz, mmmm»7iz{m%tiz, mmzt* 

izmm^m^tiz „ ryf^s^^^sssix^, 

[0005] ZZ.ZXhm- 1 fc*»&*lSflBRt*>y FX 



f y -v&w**. tfskbpsffe & b irh t , 3-t * y?" 

g5 2 T«f*lt* 12 T#9 it * IcT . mttX-v b^ 

t- ■/ b y- b *n 6 kbpst& o . *as 3 z&m 6 4 

TtSfrtS h . 1 0 2 4kcps (cps f±Chip Per Second 
) CD £7 h U-AiC^So ffSt'-y bX h U -A 

SrSHtS-tiitf . Sff ft ^<?) t' yll-l e-£(C^-|) 
ZttfZ^l. 

i o o o 6 ] £ti^ mmmeztm-f&m&immz-o 

&ZitZZb1J s Z'%&. 

[0007] <XvC, Cc*(?)D S - C D MA^TSHt® 

i<?)Ja«SStt§ix^fift^'^fliSltT. ^-x 
A> F <?) y y ^f;t/^J & . ;»yy #'/1-^?iJ « + * 3 
4>, K'vbastiiSl 3 TSult' 7 b X b y - A Srfttti-t 

§ . fsais^fcSftt" v hx h u ~mmm 1 4 1« 

*&tT. «^i4afctfA,ai»uy^"3-F«*a:S: : ff 

■yFXFU-AS-f^, -e LT-, ^(O^-it t' >y h X F 
U-AS-f'3-Hiil 6Tf3- H L-T, tt*t'-y FX 
FU-A^S^l 7i;IS, 
[ 0 0 0 8 J ±a L/t Skbps^'ff fgt* 7 F X F U - A 
*\ 1 0 2 4kcpsc?)h""y FX F U-Ai: LT^iftStlT 

v^m^ym^t, 112 8<o«Kt"C«W 4*^<cJi, 

flUKSl 5T-affift3p6 4T«ftSitT, SkbpstOW 
«h"'y FX F 'J -A#'#Atl?, 0 Sg? 1 5 a fc# 

. y FF-Fc?)«t"v FX F y — A^tM^iT'^ S . 

[0009] ZZ.tZ<rW$fc&. DS-CDMAM 
TUSiOK' 7 F U— F Oifgh' -y FX F U - A SiiftS 
ItTMifSil § -£ S Wt » TD MA 

(Time Division Multiple Access ) ^r^T'^SSiKEiS 
Il»t*7 F F- F<OflH8b* 7 Fx F y 
-2±*xM.^&c\tiM1&Z'foZ><, H2 9{i, 171/ 
-A^Xn-y F F 8 S T"f08 ^-^ AXq™ 

F tH«$^ 8 TD M A«0i§^£?) 1 7 F-Affjt 

[ 0 0 1 0 ] £ Z Z\ 1 xn 7 F ift 9 0fE^F- F# 
8kbpsT*£«^)xn 7 hfBS-CtJRfef* t - Mx 
tfiSiSF- b 8kbps<7)JC— if A , Bfcii, ^fi^flXU 
7FI, 2S:fJST. ^<7)XQ 7 F 1 X<4 2 "CfeEF— 
FSkbps^aifS-ff^ . ttz, IeJIF-F^ 1 6kbpsi0 
-j__Hfct(±, xn 7 F3txn-yF4<7)2xn7Ff 
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ffl^T, 1 6kbpsWiIfi<Hf 5. 4ft, £iSb—b#3 
2kbps(7)J--f i DKi:. XV y b 5— Xn >y b 8^4 X 
n-y b-SrfiJSTs 3 2kbpsOjIftt?H . 3fc# 

x— f frhftfcmwjm(?)&m<'-h% wzm tx , * 

T***B0R**-*£ tX\ TDMAMt«!^t'7 
b L— hcO«t".y bX b U -A£®fc$-g:T«lftji 

[001 1] 4ft, OFDM (Orthogonal Frequency D 
ivision Multiplex : itSJSjSm^SJ^S) UjftkWZ 

mms&t ix . Mi{f«*a 3 o izwrtmmxnbttx 

^ft„ ^OfijSili;. DAB (Digital Audio Broadcasti 

mm\ m=? 2 1 m^nimm--, bx b y-A 

fc„ ^ y tfOP"? -y t" y 2 3 t"Sff is V atf/l^V? -y tf 
y^Sftlu ^LT, iH«^y^Sr?l^-III&24fcft 

\m, wmzmv,zmmfhztx\ ^mtyy^vx 
by -a *4KIS**. if-^y*;Hfty6 
4ksps(0v'y!i?;^^, 1 8f-^y*/i^^JMfrtl>fc, 
^MftStift y y #/bx b y ~-&<7>tmu~- Mi 6 4 is 
psX 1 8=1 1 5 2kspsfc&£, 
[0012] Z<7)^mt^tltiyy^)VX b V-Ml,, 

mmm&25xwmm.4 >*-v-7££ y yy 
■£ive)M& # £ a* tf £>it , # f - ^ y *)V<7) y y ^vtm 

XhV-Mi. »7-Ux3a!lEl» { I FFTHB) 2 
6 t'Jfi 7- y xS»M (c «t 9 Jili&MifcBBH £ tift 
V/l^^**ITflW;fc»), Z<7)1 FF TEJff 2 6 cOiH 

Mmimm.32 7vmmm!mmx. mmmik 
[ooi3] ;<7)v;i-f-^-r y r@#*Sitt5fli<o«i 

fifilfc LTii, H3 1 izOttl 3 fc. 7yff3 1 fgff 

x^y ¥M^t't %><, ii"C, v/kf-^* y rfir^K 
-X^y K«*J(MN4. 'IffBWIJSttifcM^'fi^ 

T&4W\ iB*7-yxS»ia» { F FTBK) 3 2 

mmiz x ox stj sft&^ytf/Wi, «fi ttft w« 

[ooi4] y r^^Kfl^ti. yy*' 

/MHRff 3 4 (ctt^LT , Mi«T«pixftJS}« y 

y - i y tm&iitz imm- * y^v^yv^ 

\&%ixtzyyX)vx v y-%Mj, t'y htinums 5 tf* 
mit¥-7hxhv-M.mitii. zm^it 



•y b X b y -A &a ASg^ 3 7 (CfU . 
[0015] wfiOtfefeOOFDMMCiiV^Tti, -f7' 

y rte fcM^rS f- + y y y^/i-^f yst 5 c: 
blzJ:*)&nik&ftbiiX^&, i-)T, SSfi^'ffii. 

<v&»mzi~\ >*/Mvsii££ft->x^i . 

[00 16] 

[wmmmLiottmm] m^Ds-coi 
^mmjE-tzzt fox y , m-mmm.mm^x^ 

[0017] LA>L=5r#4>D S-CDMA^{i, Sfl 
»H^«xS^yF5j"75Bll^ y 
-ay b u-)V%Z % , #mfc»gfi< ff 3 *fi^A*S> 

Ds-cDMA^ii, iiWtefe^y* 

*;WlStt* s t4^ i: * 5 ;3 , Mff ^ ^7- 3 y b n-;b 
y X-ri^#«tl < & 5 1 1" 3 felttt Sr* LT fc 

y , fsib- - b^rs* iccrym&mznr 3 wtaufc 

yxr^i:(il't^\ 

[0 0 18] ^ ^{CD S-CDMA^T-fiiMl^-b^ 

psm^MA^Mmy - b tyift s- ff 3 s*^st-3fe ^ 
Ti>, yxrA X'ifiMffi&M t K^fSI b- - b ^afi 
^ff 3 S*SBt !b]^«}««J1«WT* y . s*s 

[0019] ±atfcTDMAyjSSrMLf 1 :a 

ft yxrAf^sesb— b &»ri>«^, i y^y 
■f-zb^fe y «*y;(?)feiiv- Ki, c i x 

□ > y bfjSTR|c?)h"-y bV-b] X [TDM Ait] fcH 

^TfcO, feiiy-bMfikTWiTDMAiifci 

- -fmm-fimmy- b izttm-tt z t ^mm±r^ 
mx°h&. iyy-i>m?JAxv-y}-mmmz% 
< ttafr^mxu^iiy mmmmm^h^m 

[0 0 2 0 ] Aft, ±atft«*(?)OFDMyfit;&am 
LftiiffiyxxAT-TOraML-'- b J: ^. US 
-y-7"^f-=r y rwcR**^ v^<r>y 

ytfiVZWmx ^Z.bizk'O mitmiiyfiX ^ I. ft 
ft, gf«i^«il>7-yx^IlWI±, ^JtftSfiT 
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it. 

[0021] ^mm^mmi-i, ^tm^&Mu-y- 
t'TH , i t t * h g&mss&m&L t i ^ 

[0022] 

y*/yc«»fi*: , mm^f T^-Y y r 
t ftfc . *f-r y*/yc<%tfft y y ^i^sss* ±a 

[0023] iWilff^fciS > , 

[0024] is 2 fD^Bf!;oaffl^ai±, fmmmzm. 

^T<o*gSjte* . tnwr^r-f y rfcixfiyy*'^ 
fcdMfttf^v/i^^yre^cfi^ tstc. #a-t 
y^Kfiji-c^^^df^yrt lt. FJ^ateo 

mmifr o i.5iz Vfz hOX'hh. 
[0025] Z.<r>fflMfimzl & t . ?-+>*frE£.t 

y rfi^-fc^ ststc y^./kttio-t 7* -v y 7 

[0026] gfttiBflaaHMHL St«t7^f'J 

reifty ytf/i^^Stffcv/kf-^* y t-s^-$4i 
v/kf-^^yrfi-^if-^y^/n*! 

fcU ±fig§fifcv;^dfryr{f^FJfS<?)«rtt 

[00273 i h t , y^ucomm 

u-y^i^m^mmimmximBtix , y* 

[0028] 4fc*fffl<7>gff«li:, «077^ y 

fit. i^r/^ivftx^mitzmtyyftivi:^ hp 



[0029] zwymmzi-ht . ^-^y^K^ni 

J/ y*;^FJtS^fil«raHt-ESSitT . #f-* y * 

[0030] 

[oosi] ^mmmmiz^xii. ^/i^aso* 
mmM^xr-MzmmuzMcixhi, mm, *« 

Sm-i><r>Xi>(>. ZZ-Qa, eSil'-l-i:LT3 2kb 
ps, 64kbps, 96kbps, 1 2 8kbps£D4gjiiDI/- b 

*. 

[ 0 0 3 2 ] 1 0 1 fcH £ft£ij£L7tVvf*t;&>0D 
giUk— h05ffi$gt> 1-X h y— All, n-f/ y7fB 

1 0 2Tlf#ft3rA.t/fc-< >^-y-7"^i:'c7)3-T> 

y 7«£ w > , Vt^m 1/24 iroa»eo»9<fc* 

h'vHi yy^vvt^i 0 3(cffi^Lt. S 
ffyy^A.-?-y ey77l> . zzvcommyytf^ 
C)~7-yh°y7W£b LXlt. QPSKMH, 8PSK» 
M , 1 6 Q A M^fi^ fc'^Ma^'ilfflT'S & . &t ^4J1 

[0033] -y t° y?M 103 T:£j££ 

fLfciSfiyy*';NJ, ^;pyy*>ffASi5i 0 4fcttl& 
^^yy^'/i-tfASPi 04Ti±, ^c^fc^cofsS 

ffjaUtff A , 7c<oflHHt* 7 h x h y -AcoSiiSy- 
btfS^fe^yy^y-h^SA^fEiSy-h (ii 
T1±l 2 8kbpst«.CUcy-h) fc-Si:t-|>»M 

[0034] H2ii. ;«^/i-y y^0ff A^ffioM 

T~-?<D ! sytf}i-imx\ x EPT^ry y^MmtK 
j)vy ytftiffi Aii 104 TifALfc o coy y *';L-sof5 
st* 4 „ w i mm b* -y h x b y - AofEiS u - b # 

3 2kbpsCD*^{Cli, @2<^AC*-tJ:'3fc, 7C^)#y 
y#/KBtv 3^j?;i-yy*>S-#ALT, I28kb 
&&®§r?hi/y$.A%. (W'fe4 0) i?DfrailT-^(:^ 
stts. mK v h x h y -i^Mssu- h#6 

4kbpsi0*li^tii % H 2 c?)B (estate 7c^#yy 
WsHfc. l-o<T>%SVyyAi)V$:WALX, 12 8kbps 

kbp®<3D*&{c{i. H2 0Ctc*t-J:a{c. tc«3 yy# 
;Hffc, l^iO^/l-yy^yParffALT, 1 2 SkbpsfC 

ffll-f syytf'/i-lg: (fin^4/3fg) iofsiA-^fc^ 

2 8kbpsco«#fc{±, H2c^D(:^-rJ:-5t, Jf/i-yy 
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■ft. 

[0035] zzx\ z>vyy-#>mxn i oax-^ 

[0036] 

[ftl ] ff7^*R= (M-D) /M 

fit. m$z.zx'<o\mmmzmz>m-Mm\s- v 

HI 28kbps) 9. DttK2t***y* 

[0037] i^^yytfOt/fffAfiSl 04Tc?)»a 
Si, ^l/^ystf/HOffAT, yy*Ay-h-£ 5 2» ft 

(N«iEc?)f£S<7)fc) fc&l> idicnyha-zi-t-SMi 
Itl>4. fit. H2a>CfcjSr«HL IHt.9 6kbps<7) 

f)\ IMLtz Citi ] sSfc^^fcjt/l/yytf/l^ffA 

[0038] 2 fVisytf/Vm AM 1 0 4 t7^yy^ 

^SAStLfciMm yytf/Mi, 5>-^Afiffiv7 fan 
o 5 r 9 y hiziixty yy/mw < A 

aas^sfi^y^^jf (ifft) 

ic*± Adf -r U rmm § iiftv/H^f ^ y r ff ^ 

ft^-tt , j^nmrn i o ? lt k ? 

4 A?HtW-§fc4±fA Jg^ftJdHSPl 0 8TBfSmffi 

-?#^3*ifcj£fg«#fcL Sff«S 1 0 9 fcffitfr 
LT. aMtfeff^^Sji^FirSofsSfflSft^JS^fflife 

[ 0 0 3 9 ] £<7)J; 3 ^«t"«iEiff SixSfi^^S 

Ti-l 1 l*«g§tl^ffffiSSl 1 2T1A FJfSO 
ij;jiM«^««ff ^-^S-fi LT , A-.x/ iy ¥ mmz 
sits. s»s^<-xM>Kft^{4. i&wtsos 

M/2>kbpsiijtS# 

M / 2 s kbps aftw 
M/2 s kt)psiiffii>f 
M/2*kbpB»ff«* 



SI 1 3fcffi»LT. FJfSmffiteWff^^Sflffl^S* 1 ' 

1 1 4 izim i . ffl*att±tEM§tifc-9-7'^^ u r 
mm^mznm^ti^yy^x h v-Mz$mt 

[0040] $m,Ztit:>-yX}Vx h y-Afct fx? 
y y 1 1 5 Tiiff S#<?)^ ? 7 y /WH t iJ:j£^ 

yy^/uxbV-M,i±, yytfimiRBi l 6fc-«&f 
S. yy^vwiKiii i 6T(i, SffffWcjopyy^A 
JfASP 104 ( El i #ag ) T-ff a S afc ? a y y tfiva 
^yy^jiimiK imhzsvyy^ivitmi;) -tsjfi 
JMff o . zcozfi-y y#A"tm£%ttfi y > tffrx h 

U-AS-f-y hftjajSEl 1 7fcf±££U ft^ffctAy 

[0041] yy^vi-sfKMi i 6Tftai'ti>yy#/i' 
LT(a fsMSfLi.'lf'Se.y fx f y-AAiSiIy---- 
M;:J; i :)fI£■&, mh, ®2£m-£otz&mmzi$*. 

%titMmfSG<oz/vyy*oi>coMtl*, BMy-hiz 
VfzyytfMmzmmtmmzfTo . ;«»ns-ff 

d C tT. 3 2kb P s*A> 1 2 SkbpsST'AfE^y-b^ 
[0042] :;t!±, 3 2kbps5&>& 1 2 8kbpst T<7) 

mzmmy - h xim-tm-^tz-o^xmm uzi)\ m 

WIUl ftAt'v hlltMidvsaafgjWrjUff 
St^V^T, M/2" kbps^jIftSrtTaii;* 4 "!^* 

z<n%&* mimmz&^x, &M%titz->y#>vk 

yoyyyftivbli, d&a&l ^-f^f-yx-ffiXZti 
h, zemiiznv^x ,. &%v^t^y^Mt, tfHb" 
•y Mel DiMSfi^y y^/yc* o . mfix^yy 
*)Hl ^/i-yy^;yt"*s. 

[0043] 



oooooooooooooooo 
o»o«o»o«o#o»o«o« 



••••••••••••••• 



[00443 w±<o i a^afi^ff -5 i tt\ mmm 
t^ftm&mximtmimmzm^xffozttf 

[ 0 0 4 5 ] &*} . icOlS 1 ^»i^«#J,Tm^ Lftfe 



Sr*fHT\ MilfXO-y hl~ XO7 b8c?58^-<^ 
AP-y h"C 17y-A^jt$^8TDMAT«ES 
ttTV^^fA l-5COAOv f-T'3 2 kbps (Jf/l-yy 
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^/l^f A*R = 3/4 )H12 Skbps (7;b>-y;K/b 

#A*R=0/4) *r<^-b<ov/bf^yr«^ 

OSaOTffisS: tPfe£i+£t. 171/- 

AT" 1 XD -y bfiftSrffiffl LfcSff P1±, 3 2kbps*>4 
1 2 8kbps«b— hTfDfii3l3^1f*>fL, 1 7W—A<?D2 
xc 7 h£«fflL«Wreti, 2 5 6kb P s<7;l/-h4T 

oeabw? h-h. mT«ffl-r § xn >y b *£ttm"£ t 

T\ iW'8xn7 b^ttMLP, ^/byytfvbifA* 
R=0/4tLstfc# 1 2Skbpsx8=l Q2 4kbps£D 

[0 04 63 $ fc . £<?5» 1 C95Slfc0Sg*T«flLfcfiR 

itMSpyobyy xitzmm ( jM^vae/wt 
i sir?* * y r ) ib?)%cr>mr?im*& £ t # 

<if a £ i; 3£p*pt mm, hi t^-titii^ap, 

6 4 kbpsOl/- b mm t* >y b X b 'J -—A £MflTbl>i§ 

£fcP\ 2o<0^<D6 4kbps<501/-hO'IWgt , '-y bXb 

t, 3 2kbpsc?)k-b(?)%^fc{i, 4 3 2 kbps 

<r>V— b «ffifS t" 7hXbU -AiOfml^\ 1 ~X0fS£ 
«*P»rirC*S. 9 6kb P s<7)b— hiDim. 

[ 0 0 4 7 ] &fc, *^c7)H2 cO^ftiOff^JS". H5 
HI7 Sr#!S IP Ht5 . *»t«ffMfcii^P *> . 

0 „ £ <^JP(i 1 -?o}ilfi«^ f> ^EiifS^ff 3 =t 3 1 
LfetO"Cfc«. £03££j3Hiti. $Rtfa»M#^« 

±s6Lfcss 1 ^mm^MPixmmitMmtm^mizm 

tX% 0 , SS^fKK-ov \% l-i'-m-tl . 
I 0 0 4 8 ] H5 (±. *«ftcOSPX0Mff«S-^L 
fcEPC&fc, ££PU, f-^y^/H, f-^W^2- 
f+y*/bN (NliffiS^SS) o-f^y^b-SNWif 

fltPy bXb'j-A£\ gf 12 1a, 12 1 b- 1 2 

1 nfc#«lSi<7)2:t-&. 2 1 a~l 2 1 n 

fc*Mi$#**y*/i^f8b*v fx b y-A$± s £ 

£ PUR tfejUk- hCDt'-y hX b 'J-Ai: LT$> 0 , 
fft-fftS'JSDri-T-* >-^'SP 122a, 122b- 12 

2 nizmbx, mmt>mzj >jr-»-7%z<o 

3— r -f >?$!M* MWttzfi 5 „ n-r y y/H 12 2 
a~~l 2 2 nt1f#ft§iX!t«-f-ry^/K?)t'.y bXb 

U-ajs, fftmil^ytf/^-yex/gKi 2 3 

a, 1 2 3b-l 2 3 nfcfit|&tT. #f-*y*/bfiffc: 

fffiijtcjMfi^y^/k^vv ey^-t§ . £ ip^aff v 

y*';b-^V'yey^'M5lt LTSa. QPSK^fl, 8 
P S KSPI, 1 6 QAlMHKrif WIMt'l h . 



[0049] ^fty^b^yy^'yt-y/Si 

2 3 a- 1 2 3 nT£M&1XltMfa$/>MM±, W&M 
B (V/Vf-rW-t ) 124fcft&LP, imgtcOv-y 
*7bX b U -AfcM^-f-S . 126 tt, 1 2 4P 

WMiStfO«±&S»(c*'tiat\ £ £ T1iMx(a>^ > 
^;b- 1 ^^y^iV^^^y^svWA^y^vx b 
y-AS-, i^<5Dj/>^xby-A^^§t<7) 

T* 4 . f- ^ V^/b 1 9)Ws1S)VX b 'J -A AW^talS 

1 24«D3§^1 2 4afe§^ f-^y^;b2Wv>'*' 
/bX b y - A^S-^HK 1 2 4 OS? 1 2 4 b (Cflte 
ft. -b^>-^b3^^y^;bXby-AMg^BMl 2 
4<7)iHH 24c left Wx, f-^y^;b4c?)^y*7bx 

b 'J -A,tfW&Mffit 1 2 4 SDSi^ 1 2 4 d t# t>tl& , 
Z<0b § , ?I^HIS4 1 2 4 Sr«1-|> X >f v t«0«^ 1 

2 4 m#b 1 2 4 a- 1 2 4 d &HWcfflS«5ciS 

[00 50] H7{i. £0?M-^««^M^LtHT\ 
Mi-!S'H7c7)A, B, C, Dfc*-f«p\ -eil-ehJiJ 

wf-^y^/n, 2, 3, 4^vy^xby-A^'# 

H7 coE lizijk-t 1 1S«1^ b y -ASr#|> „ Mjc. 
If. #f-r y*;b<7)X b y-AA^\ 3 2kb P sc?)b—b^ 
ffif|t"-y bX b 'j-Ai0^y*VbP$)§ b % . 1 2 8kb 
psiOb—b«'fffit"-y bXb y-Afciffliff" his>i$)V 

xbU— Afc^rS, ^ris. #f-^y^;bsy>y*';bf0S 

[00 5 1 ] 05f>Sfl8fcgW fc s jM^HJS-S 1 2 4 "Pig 
i=rS^ciSfiyy*';b«, 7/-^tfly7 bMl 2 5 
P5>-rAfiffivx btc J;l>x^7y7";bMii (*v*tt 
lm^7y7';ljil) SrfrVK f-^x^^yXVbttJl 

Six^Mftyy#Vb^3t7-yx^ { i f ft) >m 
ff#S#±tc|£fiS fife y y ^;bx b y — a „ JliSi:tt 

±fcf7^f ^ y TfMW^tlfc V/b-f ^-=r y Til-tfc^ 

(±, b 7 4 Aff« 1 2 7 (Cttfe LT^f- b ? -f A 
^fflDt-^tSt. KfcWtJKISffl 2 8T"FJf>t*tt»iO 

imizmE%nMt)HfT-¥imm-&» mnff-f 
tfmMZixfzmmmmz. mmmw&i 2 9 t«i&t 

SflsL. •fofflftKfi^ixfcMfffi^^TyT^i 3 
o^^SMftts. 

[ 0 0 5 2 ] £^«t y tii«a«§iis«#t'^itti. 

ii. Mi.»'±» ItzM 1 ^UltOJgJBTiiBB UfcH 3 to 

zmixmwxm. 
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[00 5 3] Srfc, czxU4^y^v<rMitiff 
omszmt ixmmitzfztfy. ^m&^titz^y^ 

fctJJJP! Hii4 h^^TV>SA\ y*/t<<£fi$i 

2, 3, 4---) fciS^ti»c:i^T'#. ;co*l^# 

t2* kttt. mmiommvmmtif ^y^mff\ 

y%)V<r)^y^}vt VX, % l eonStcojBSSTUiBj L£ 
jr/i^y*^ (iHi^o^yytf/P) ^#A-ttitfA 

[ 0 0 5 4 ] iJtt, *^BJcOS3iO^(f|^i^, H8 

son 9 mm L-zwmt s . ^nj&ojBs&fcfc t 

t», *^7^<?)te^miS^XTAtjiMUcWt lt 
ft <3 ^MSff Srtf 3 X o ic Lfc 0 > It 2 « 

[00 55] i^T"*^Jt«ff5©iOii^t(i. &f-r y 
*/HOSai y - 1- #g=5: l> *S£Ofl| bLXh'<0.. StSJi 

f£, f-^y^/H, f-ry^/i-2, fi-y^3<oft 

>-^.;HR3<0flll|t'»/ hXHJ-A#\ 1 3 1 a, 
13 1b, 1 3 1 ct§ feilSiOt-tl). #y~^y^ 

/NDlSSty- b t LTli„ Wi.{s>-vy^.;n , f-r y 

*fr2tf*tl*tl 3 2kbpsT'£> 9 , -f-r y*^ 3 # 6 4 
kbpsTfcl-fc't'S, =frSS?l 3 1 a~~l 3 1 cicf#4ix 

OT-f^y^Il 3 2a, 13 2b, 132ctM 
IT, flPMtfr h yfi-V -7% fcV>a -T A y 
^'MJISr HS'JiCtf 3 . 3-T -f 13 2a, 132 

b •ttra-fcStefe** y 1 , f-v y 2<Ot* -y 1 
x h y-AfcL f-ixm<?)f^'y^/iffl<7)yy^v-:/ 

ftWlMtSifyy^^v^ey^'-tij, f- * 

y 3 05 t* h X Y U - A it „ 2 OiDSIis« t" ■/ b * 
bU-Afc24Hl!U -*^^tt^t*v bxbU-Att 
yy^/ye^y tr y^ l 3 3 c scftfef & t ftt, ftKr 
io^cot'v bx b y-Aijyytf'/y? >y ey^ i 3 
3 dfcfti&u -e^-fitMfcaffyy^i/^.yey^" 

[00 56] #yy»7 >y fc'y^iJ 1 3 3 a- 1 3 3 
dT-?-yfy/§^ii«yy^/M±. 34 
fctttfrl/T. 119 (i, 

* y^;i/ 3«yy*';ix b y -as- . |ii trflHfSiwe^ 
cfiB-f & kftic. ^cDUfc-f^y^/b 1 c7)yy#/kx 
b u— ^y*/P 2«yy*M h y -a & Jsl»^ 



3, ft>^l/2, f- J ry*;l-3----WffiB^HDMt 

[0057] i^s-fe^fL^yy^xh y-Aii, 
vy^'Mtmvy h3 1 2 5T5 y^'Afiiffly^ h t i 
sx^^y^sra (mMmvxtjyyiuwm) z 
ffv\ ^y^vi-fflastifciiffy yt'0-zm.y 
-yx^s ( i fft) mmmi 26izimi. mtm 
y- y x3»}Sjwaa-c, ^lawubtaa&tifc^y 
dow^ h y —AS", jf jsJSWLht-tr^r^ y r^isas 
ftt7*f^ y rff s ,W7-o xajs 
m 1 2 e x-m^^Ktzima. a- f ^ a mn% 1 
2 7 izfm ixj}'- Y?4~Lmmth tmz. mm 

? * «3Tt S , Jfc6«lt r - ? a^jMfift^-l i , 

sftwas 1 2 9t:«*&UT, iS«»m#tKi»we 

fciififf f r >f -f l 3 0 P to isSilftt !> „ 
[ 0 0 5 8 ] ^toj; o t£**l3gfgSii*«*fc3W1"4 

a, mn*±j&iKm i ^itwff«mBfi Ltii3^ 

LT»t-& BP^>, HI 9 ti^tftSrc^Sfl: 
sti^ift^*^ . ft/-** i xi*f^r y^;b 2 o 

fl^-S-ttfflt"l>*l^fca, 4JSSBtti0yy**;l'S:ttttJ-f 

liitT, ^iOf-vy^;i-tofiwSfiT§, f-^y^ 
^3<^#^ttaii-§i&&t:ii, 2jiM#«yy*7i'S' 
ftai-t s i t x\ ^^y *ivco\mmtmx & h . 

[ 0 0 5 9 ] ^tiS, i iTU** 1 2 SkbpsS-efSiST- 
§S««-C. 3 2kb P st 6 4kb P s<?)fejMy-b$'?S4§ 

^iOTIi^v^ fid^. #f-+y^;i/<?)©iy-hD[kbp 

[0060] 

[»2] fE«y-bD=M/2 N [kbps] 
CliT, N-l, 2, 3- MiJ^Sfl. 

wmizmiwckizMi/- bx-ht, 

[ 0 0 6 1 ] 4 fc , m 1 OlSJfeOJRIBmWi Ufc 9 6 kb 
ps«D J: d fc , Cife 2 ] ST'ISS* til. y- 1- 

[0062] iwc. ^wmmAcmmmmi: , hi 

0-H1 5S-#MtTlMBJl-rS 0 *SSft^?Jfcfc^T 

%ismmft~yx, mmx—^Lxmm-imm 
[ o o & 3 ] 0 1 o itifrnmnffinx^mmmt^ i 
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t\m<om\m<nm=?- 1 4 u-hi ncwitft^ix 

•fits *f 14 1 afcftfeiliflHBtvhXhU-A 
f±, 3—7*4 y/SRi 4 2 atlff-ft^^tcW y^- 
y a—?* < yftmino . y^ss 

I 4 2 a"CflF*Wfc$*Ufc** 'y Mi, xy#4<-?-y t"y 
?Ul 4 3 atftfetT. ltyy#/^7 7 fc°y^f 

[0 0 643 ZC0i/>tf)ls~? >y t"y7'!$ 143 at'4« 

zfifzmm^y^M±, yyfmm/v mri 4 4 a 
x-y yf'MHWyy nc j * * ? 5 yy'imm ( 

s titz >m : s > *;>i 7— 'i x:gj* ( 1 fft) sgg 

SB 1 4 5 a fcftfe L , j8i»£ 7 - U x^»c?)iI»»fS 

woadff i mmf-ry^immmm^ 
nhtitz^i-^ * y rft-t s- . SftMiis 1 4 7 a t; 

mmm^mi. ^wmmmntitzmmim^ry^ 

[0065] fttitf-r y^JlMWM 1 4 6 aGDfPMfcH 

I I izm\ m^mm^^i 5 1 iznhntim- 

If „ £ iT*<^ 1 fiS*»«r<OffcfcfiSSl'- b** 1 2 8kb 
psX\ m&&&% til V/bf-^ it y 7ft ^^KjSB±T 
^7'^-v y THHS- 4kH zlJPIi; 1&*?V*1V 
rcDfEiML— b # 3 2kbpsT'& lttt« C\<7)t% . if 

gc7)ifi7-yxs*.wsi 4 5 aT'{±. ^7**^ y r 
mm?/ 1 6 k h z ov/t^* -r y nm^^mMmt: 

[0066] y y *';Hi r ) M 1 5 2 Tli, i«ofi# 

«0^y^;^** 4ff tRfi-tSffiaSrffVK 4kHz 

mm^m^z^mi-t „ «£»'hi y 

Sfitvi. i«jt7-yx^!is^y>*>t/7s b y 

LT v vjrv ^7'^ * U Y&zfrv > *K/b£ ff A 

[0 0 6 7] ;«yy^;t«OjiLiii 5 2 -chases 
ti^ft^ii. mmi 5 3t\ *7t 7 b»«M 

1 54^ffi7at"l>^7-fevhJf«Stt*i:§ixl., 
*h &^y*Mzm<7)mti i tktZ>z'clz%&. & 

wmthf^ yw^mmjiv*. »/ i-#o h zt- 



1 5 3T««^it^v-y^3^itj:-5T. c<0f-ry 

*/wci 1st bti^^r^^r y r SfiWB-t 1. 

t7-fe-yMS«^ftSS^.:f|^l±, JSiVIWS 
m- 1 5 6 *^Mft MPISE 14 7a ttt 

[0068] ^^y^x-mmmm^timn^m 

<m*ffll 2fc*-r, iCTti, H3M««rcoft^ 
SI/-- h * s 1 2 8kbpsT\ i^l 2 8kbps(7)fESk- b 
<?)T-?*, 4kH2^fflcO^-7*^r^yTfci^v;H- 

^•;r«#cj: ysiistii.s.^i: lt*i»*^c 

i^W^z^M.Bi&i'i^a^^LtziiCOXh & . 

[0069] Hi 2CDA, B, C , Di±, *tL&V&j& 

y^ivs, f-^y^!iA<?mmmifF.Ltzh<r)X\ & 

■f-*r y*/\/CDmm&. y Tip 16kHz HB^ 

Tt7'*t y r iws JiaiWiBii, -f ^ y ^ i 

tmi 2c?)Afc*t-J;ofc. »i:*l>ffl*i:f c*>^ 

1 6kHzra1Ht LTfcy. f- J ry^2* s Hl 20B 

Mtw.fr h 1 6 k h z mmt ix h o , f-* y ^ 3 # 

Hi 2iOC(OKf J;-3fc, Jl^ltf cH8kHzx7 

b tfcjs^stfis*^ 1 & k h z mmi ix t> 0 , 

y^4^Hi 2»D(Stiii;, fflHfcHi 

2 k H z y 7 h L)tJtl«fi[a*»6 1 6 k H zTelBt L 

[0070] zfi^co^-i-^ y*iWtmfrM$&M1i% 

tiiztx\ mmim$&±x-im 1 2 cde i 3 

Jy 4kHz raHt-^7'^^ 'J 7*^55 tifc«bffit * 
y . 1 ^fEM«St4^<7)~f ir y^/K^i#*^Mfs 

- y x^^agBT^saa 7 - y xssmm t ix 

li, J tc7)i-*rywVZiRo 3 2 kbpsiOfSeSV — h- c7>fS^ 
5:16kHz B^7"*^ y 7pfc»f SJBltflfC 
fi<, 3S7-yxSft»St'<?3»I*^. ^<7)y7.r 

Atefcit*-?-:*** y 7»««i y tAS 

[007 1] -TiT'tt 3 2kbps«feiSy- btOif^-iO 

ait m 0 mzo^xwmLtttf, mum tmm 
x-6 4kbpsofgay- htrMm^mm Srff 3 **-^«±. 
f-^y™ h oaiiicA-^ 5 ««<7)ity- y x^aaas 

ICl OSW^ffV) (HDfe3 2kbps<7)»fi«B$fcifcATfg 

Wyr;PS35p'm7J§*ti) , ftffr^AWIf? 

sy- 1- nm&xiMwmmx'mmm^<7)±it£mm 
x-foh, cxcnm, mim (**§is) mi mm 



